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1 INTRODUCTION
1.1 Background

In 2004, the Federal Highway Administration (FHWA) published a memorandum which
provided guidelines for the selection of W-beam barrier terminals [1]. Within this document, the
primary purpose of a guardrail end treatment system was defined as “providing anchorage for the
barrier to allow the development of the full tensile strength of the W-beam rail element for all
impacts occurring within the barrier length of need (LON) while minimizing injury to vehicle
occupants in the event of a crash near or at the end of the terminal.” This definition of end
terminals explicitly indicates a need to minimize the potential for injuries resulting from impacts
occurring in close proximity to a guardrail end terminal. Although downstream end terminals are
commonly placed outside the clear zone of vehicles in opposing travel lanes, or on the trailing
end of systems with one-directional traffic flow, the potential risks of impacts near these
anchorage systems are still largely unknown.

Downstream anchorage systems for guardrail used by most state departments of
transportation (DOTs) are generally simple adaptations of crashworthy end terminals, which
typically include breakaway posts and an anchor cable. Based on the successful performance of
crashworthy end terminals under reverse-direction impacts with pickup trucks, it is generally
believed that these simplified, non-crashworthy downstream anchors will perform adequately
when struck by pickup trucks. As stated in the FHWA memorandum, most W-beam guardrail
terminals are considered to be gating devices. This characteristic means that when struck at or
near the nose, the end treatment will yield, thus allowing the vehicle to continue into the area
immediately laterally behind and beyond the terminal. The gating definition does not apply to
end-on impacts. However, the location along the downstream segment of a guardrail where

pickup trucks are no longer contained and redirected has yet to be adequately determined.
1
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Further, these downstream end anchor designs may not perform in an acceptable manner when
impacted by small cars. Severe vehicle snag could occur, thus resulting in unacceptable occupant
ridedown accelerations and occupant impact velocities as well as vehicle instabilities.
1.2 Objectives

The objective of this research project was to assess the safety performance of a non-
proprietary, trailing-end terminal attached to the Midwest Guardrail System (MGS) according to
the Test Level 3 (TL-3) requirements of the American Association of State Highway Officials
(AASTHO) Manual for Assessing Safety Hardware (MASH) [2]. In particular, the research
focused on: (1) determining the downstream end of the guardrail system’s LON for impacts with
pickup trucks and (2) investigating the potential risks for small passenger cars to become
unstable when impacting a non-proprietary, trailing-end terminal.
1.3 Scope

The scope of this research study was to identify the downstream end of the length of
need, identify the critical impact location to maximize instability of an errant small car, evaluate
the impact performance of the downstream end anchorage of the MGS according to modified 3-
37 test conditions described in MASH, and determine the shielded window for hazards placed
behind a downstream guardrail terminal.
1.4 Methods Used

The research approach consisted of three distinct phases: bogie testing; computer
simulation modeling; and crash testing. First, bogie tests were conducted to evaluate the reaction
of the MGS end anchorage in various loading conditions, including splitting of the wood post
and a pull test of the cable anchor. Next, computer simulation models of the bogie tests were
simulated using LS-DYNA [3] and validated against test results. These validated models were

then inserted into a model of the MGS guardrail, and impacts were simulated using a 2270P
2
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pickup model and an 1100C small car model. The end of the LON was estimated based on the
simulations, and a crash test consisting of a 2270P vehicle impacting the downstream anchor at
nominally 62.1 mph (100.0 km/h) and 25 degrees was conducted. In addition, the location
identified in the simulations with the maximum small car instability and entrapment beneath the
anchor cable was selected for crash testing an 1100C small car at nominally 62.1 mph (100.0
km/h) and 25 degrees. Results of the simulations and crash tests were used to identify

recommended envelopes for allowing hazards to be located behind the guardrail system.
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2 LITERATURE REVIEW
2.1 Development of the MGS Downstream Anchorage System

Breakaway cable terminal (BCT) anchorage systems, and their derivatives, have often
been used as an economical means of providing tensile anchorage to a corrugated-beam guardrail
system. Variations of the BCT are frequently used by many state DOTSs, having been adopted for
use in many crashworthy terminal ends. The original BCT terminal was first developed in the
early 1970’s by researchers at Southwest Research Institute (SwRI) [4] as part of multiple
National Cooperative Highway Research Program (NCHRP) projects. Over time, this general
end terminal had evolved in order to meet various crash testing requirements. In general, most
end anchorage systems derived from BCT terminals have used the following main components:
(1) steel foundation tubes with or without soil plates; (2) a steel compression strut between the
tube foundations; (3) two breakaway wood posts; and (4) a steel cable anchor system.

Steel foundation tubes were first introduced in NCHRP Research Digest 124 as an
alternative foundation for the BCT [5]. The steel foundation tubes enhance the post-soil
resistance by distributing the load in a more homogenous manner, while also allowing for easier
post replacement if fractured. The soil resistance can be further increased by attaching bearing
plates to the foundation tubes, which increases the area of the tube exposed to the soil. The use of
a compression strut between the tube foundations was first introduced during the development of
the Eccentric Loader Terminal (ELT) to maximize the soil resistance by coupling two foundation
tubes [6].

The end wood posts were designed to fail (i.e., break) in a controlled manner in order to
allow an impacting vehicle to pass through without imposing a sudden deceleration or rapidly
changing its trajectory. This release behavior minimizes the risk of vehicle rollover or snag on a

cable anchorage system or on strong posts. Wood has historically been selected for use as a
4
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breakaway post due to it being readily available, relatively low cost, brittle fracture behavior, and
the ability to control load duration and fracture energy with holes drilled through the post at the
ground level.

Steel anchor cables have been used to develop the tensile strength of the rail for impacts
occurring beyond the LON of the barrier. The concept of these cable anchor systems is simple;
one end of the steel cable is anchored to the end post and the corresponding steel foundation tube
near the ground line, while the other end of the cable is connected to the back of the rail through
a mounting bracket. For many crashworthy guardrail end terminals, the bracket-to-rail
connection has been designed so that it can be quickly released during end-on impacts where
energy-absorbing heads are pushed down the rail.

2.2 Prior Reverse-Direction Testing of Guardrail End Terminals

Historically, the reverse-direction impact performance of a typical guardrail terminal has
been assessed before it could be deemed crashworthy and approved for use along U.S. highways
and roadways. In both MASH [2] and NCHRP Report No. 350 [7], the required trailing-end
terminal crash test corresponds to designation no. 37. This specific impact scenario considers the
case in which the terminal may be placed in the clear zone of opposing traffic and serves to
evaluate the safety performance of the terminal when it is hit by an errant vehicle departing the
opposite lane. This testing condition may provide useful information about the behavior of an
anchor system located on the downstream end of the barrier.

Neglecting the different impact side of the vehicle, a reverse-direction terminal impact is
fundamentally similar to the impact of the downstream end anchorage in the direction of normal
travel flow. Recently Texas Transportation Institute (TTI) designed and tested a non-proprietary

downstream anchorage for W-beam guardrail systems [8]. A full-scale crash test was run to
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assess the safety performance of the downstream end anchor design when impacted by the small
passenger car under modified MASH test designation 3-37 conditions.

A broader evaluation of reverse-direction impact conditions on proprietary end terminals
is available in Reference 9. Impact conditions and test results for reverse-direction crashes into
both downstream trailing-end terminals and common upstream guardrail end terminals are
summarized in Tables 1 and 2.

The end terminal systems summarized in Table 1 make use of a cable anchorage to
ensure an appropriate longitudinal resistance of the rail during vehicular LON impacts. The cable
anchorage allows the use of steel posts or breakaway wood posts. As such, the problems that
were reported during the reverse-direction testing of these systems can be used to draw a
synthesis of potential hazards and related solutions that could be helpful in the design of a
trailing-end terminal.

Although cable anchors are advantageous to efficiently anchor the end of a guardrail
system, these anchors may adversely affect system performance when struck with reverse-
direction or trailing-end impact conditions. From an analysis of the reverse-direction full-scale
crash tests summarized in Table 2, two major potential hazards related to cable anchors emerged:
(1) snag on the anchor cable and (2) engagement of the bearing plate with the vehicle
undercarriage after the cable end post release.

A cable anchor may snag on components of an impacting vehicle, including the bumper,
a wheel, or the undercarriage. The median configuration of the FLEAT end terminal adopted a
T-shaped post breaker assembly, which was attached to the back of the end post to facilitate the
release and rotation of the post and the subsequent release of the cable anchor during a reverse-
direction impact [10]. This post breaker mechanism assures a controlled release of the anchor,

reducing the propensity for cable anchor plate entrapment and an associated potential instability
6
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Table 1. Selected End Terminals with Reverse-Direction Impact Testing

Terminal Type

post 1)

System FLEAT TXDOT
Properties Median E'IE—121(])00 S['lRZ}- [E’E 811:] Terminal
[10] ’ [8]
Wood (x2) Wood (x2)
57TV 5V7x7Y%” Wood (x2)
Wood (x8) L1
Post Type Steel 67x10” (240 mm x 191 mm) | (140 mm x 191 mm) | 5%”x7%
[steel/wood] (152x254 + Wood (x8) + Wood (x5) (240 mm x
67x8” 67x8” 190 mm)
(152 mm x 203 mm) | (152 mm x 203 mm)
Eounc!atlon Tube Post nos. 1,2,4| Post nos. 1-4 Post nos. 1-2 Post nos. 1-2 Post nos. 1-2
ocations
.le round Strut Tube Angle Channel Tube Angle
ype
Unbolted Post
Locations Post no. 1 Post nos. 1,3 | Post nos. 2-4, 6-10 None Post no. 1
Flared (parabolic w/
Flared/Straight Flared Straight max offset of 4 ft at Straight Straight

Table 2. Test Designation No. 3-37 Crash Test Results for End Terminals (NCHRP Report No.

350 and MASH)

Terminal Type

Test
FLEAT TxDOT
Parameters Median ET-2000 SRT BEST Terminal
[10] [11] [12] [13-14] (8]
3ft-3%in. (1 . 3t (0.9 m)
Impact Point m) upstream Post no. 5 Post no. 5 Midspan post nos. upstream
3&4
Post no. 4 Post no. 3
End of the LOL N/A Post 3 N/A N/A N/A
Vehicle 2000P 2000P 2000P 2000P 1100C
Impact Speed 63.1
mph (km/h) 60.8 (97.8) (101.5) 62.7 (100.9) 63.1 (101.5) 61.9 (99.6)
Impact Angle 20.8 20.9 21 20.5 25.3
(deg)
Yes
Snagging w/ (solved w/
cable anchor? deflector No No No No
bracket)
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or unacceptable ridedown decelerations. Although this device was originally designed for
impacts occurring on the back side of the rail, the same concept may be effectively implemented
to accommodate vehicular impacts occurring on the front side of the rail. Even though the
FLEAT post breaker releases the end cable away from the anchor post during an impact event,
the loose end of the cable may still pose a hazard to the errant vehicle. For example, the bearing
plate used to transfer the load from the cable to the anchor post and foundation tube may become
trapped in the vehicle’s suspension.

A reverse-direction impact with an SRT terminal caused a pickup truck to yaw and
eventually roll over due to cable anchor entrapment and snag with the vehicle suspension [12]. In
addition to increased instability, any snag associated with the cable anchor could lead to
unacceptable ridedown decelerations. In order to reduce the propensity for bearing plate snag on
a vehicle’s suspension, designers of the SRT installed a slotted anchor plate secured to the end
post with two screws to cleanly release away from the post after post fracture. This slotted
bearing plate is shown in Figure 1. The slotted anchor plate cleanly released away from the
anchor cable during a reverse-direction impact, thus leading to acceptable performance of the
end terminal system.

Recently, TTI conducted a full-scale reverse-direction crash test with an 1100C vehicle
into a non-proprietary, end anchor design [8]. The 1100C vehicle was believed to be more
critical than the 2270P vehicle for the reverse-direction test, because the small car had a greater
propensity to wedge under the rail and potentially snag on the end anchor. The crash-tested end
anchor design, developed for the Texas Department of Transportation (TXxDOT), was similar to
the MGS end anchorage system [15], which was adopted from the modified BCT system and
installed tangent to the roadway. The end anchor uses two BCT posts embedded into foundation

tubes with a cable anchor. The two minor differences between the TxDOT anchor and MGS end
8
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Figure 1. SRT End Terminal Slotted Bearing Plate [12]

anchorage were: (1) two C3x5 (C76x7.4) channel sections connected the foundation tubes
instead of one C6x8.2 (C152x12.2) ground strut with two yokes; and (2) the W-beam rail was
simply supported at the end post with a shelf angle bracket. The TTI end anchor design was
successfully tested in combination with a 31-in. tall, 8-in. blocked MGS system.

The 1100C vehicle impacted the system 15 ft - 7% in. (4.8 m) upstream from the
downstream end post. Although test results were successful, no specific investigation was noted
to identify the critical impact location. The simple support condition at the end post may
facilitate guardrail lift when the passenger car impacts the system in close proximity to the
anchorage. This situation, which could increase the exposure of the vehicle’s front end to the

9
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cable anchor, may lead to instability due to snag of the impacting wheel on the cable. Further, the
objectives of that research project did not include the determination of the end of the guardrail
LON for the 2270P vehicle.

At present, limited research has been carried out to assess the safety of a guardrail barrier
for vehicular impacts occurring in close proximity to non-crashworthy downstream anchorage
systems. In fact, NCHRP Report No. 350 [7] nor MASH [2] do not specifically require a safety
evaluation of a guardrail system under vehicular impacts occurring in close proximity to a
downstream or trailing-end anchorage system.

2.3 Literature Review Summary

Previous pickup truck testing of end terminals using anchor cables under reverse-
direction impact conditions indicated that vehicle interaction with the cable anchor occurred. In
the case of small passenger cars, this vehicle interaction with the anchor cable may cause
instabilities or excessive occupant risk values. Only one full-scale crash test was conducted on a
non-proprietary, trailing-end terminal using a MASH small passenger car under reverse-direction
impact conditions, which did not indicate any particular problems. However, there remains

concern that increased vehicle snag may occur when considering a different impact point.

10
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3 REVIEW STATE DOT TRAILING-END ANCHORAGES

A standards review was conducted for the member states of the Midwest States Pooled
Fund Program as well as for the states of California, Texas, and New York. This review
indicated that different types of guardrail anchors were used for trailing-end terminals. Although
the anchor requirements prescribed in the plans for each specific state vary, treatments generally
pertained to one of two classes: (1) treatments inside or (2) treatments outside of the clear zone
of traffic in opposite travel lanes. From the standard plans that were reviewed for the noted state
DQOTs, the end anchorage systems, or trailing-end terminals, are rarely considered to be part of
the downstream LON.

When the downstream anchorage terminal is located within the clear zone of opposing
traffic, most state DOTs use proprietary end terminals that have been successfully crash tested
and evaluated under NCHRP Report No. 350 criteria [7] or the more recent MASH standards [2].
In those cases in which a crashworthy guardrail end terminal is not used, a crash cushion would
be required for many scenarios.

When the downstream anchorage terminal is located outside the clear zone of the traffic
coming from the opposing direction, various generic guardrail end terminals have been used,
including adaptations of the Breakaway Cable Terminal (BCT) system. In general, these
terminals consist of a straight segment of guardrail with one or two breakaway wood posts
embedded into steel foundation tubes with a cable anchorage system. The use of steel foundation
tubes increases the post soil resistance as compared to traditional soil-installed posts, allowing
for a more controlled wood post fracture as well as easier post replacement. In most cases, these
end anchorage systems use a ground strut to connect the first two posts together to improve the

load distribution between end posts and increase the anchorage capacity.

11
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A summary of the generic trailing-end terminals in use by selected state DOTSs is
provided in Tables 3 and 4. From this review, it appeared that when non-proprietary, trailing-end
terminals were utilized, the following two types were most often considered: (1) systems based
on BCT posts and (2) systems buried in the backslope. In some cases, concrete anchorage system
may be used as well. The drawings and the specifications for each system listed in Tables 3 and
4 can be found in Appendix A. The Wisconsin trailing-end anchorage system in use with many
guardrail systems is shown in Figure 2.

The main advantage of non-proprietary anchor systems based on BCT posts is economics
and ease of maintenance. Moreover, the use of BCT wood posts with a hole drilled at ground
level allows for a controlled failure during vehicular impacts. On the other hand, the cable
anchorage hardware at the end of the guardrail system may create a hazard for small cars. During
a reverse-direction impact, a small car could be trapped or snagged on the sloped cable anchor,
thus potentially increasing the ridedown acceleration to unacceptable values or causing vehicle
rollover.

In addition to steel tube post foundations, concrete post foundations were historically
used and are still in use by some state DOTs. Missouri DOT requires that posts are embedded
into a concrete foundation. A concrete soil foundation was also previously used by Ohio DOT,
but the concrete foundation was recently transitioned to a steel post foundation because it was
believed to provide a stronger anchorage. A particular system proposed by the California
Department of Transportation (Caltrans) [16] and the Minnesota DOT [17] consists of
embedding the cable anchorage directly into a buried concrete foundation as an alternative to
attaching the end of the cable to the end post through a classic bearing plate. Although
constraining the cable anchor to a buried concrete block can increase the tensile resistance

provided to the rail during an impact in close proximity to the anchorage, the cable would not be
12



Table 3. Summary of Non-Proprietary, Trailing-End Terminals for Reviewed State DOTSs

€T

Rail Trailing
State . . . . BCT Cable
DOT Terminal Designation Hglght Posts? | Anchor? Note End
(in.) Only?
Only to be installed where transition to dirt
IL Type 1B 31 Y Y mound is possible. Flared system. N
[18] Type 2 31 v v Only to be mstalled where end-on impacts are not v
a consideration.
IA | BA-203 31 Y Y Must be out of clear zone of opposing traffic. Y
[19] | BA-204 31 Y Y Must be out of clear zone of opposing traffic. Y
KS MGS Type I 31 v v Tr_\rle beam w/ asymmetrical transition to barrier v
[20] rail.
Standard plate 8307R
(Specification reference 2554)
i) Strut Anchorage 27% Y Y Must be out of clear zone of opposing traffic. Y
ii) Buried Anchorage Assembly 27% Y Y Anchorage buried in soil. Y
Standard plate 8338C
MN | (Specification reference 2554)
[17] N
i) Strut Anchorage 27% (Steel Y Must be out of clear zone of opposing traffic. Y
posts)
N
ii) Buried Anchorage Assembly 27% (Steel Y Anchorage buried in soil. Y
posts)
Drawing 606.00AT
MO i) Steel foundation tubes 27 Y Y Must be out of clear zone of opposing traffic. Y
[21] ii) Concrete foundation 27 Y Y Must be out of clear zone of opposing traffic. Y
iii) Anchored in backslope rail 97 N N For use with available back slopes. Anchorage N
provided by concrete block or steel post.
[leE] Special Plan C 27 Y Y Must be out of clear zone of opposing traffic. Y
OH |TypeT Must be out of clear zone of opposing traffic. The
s . . °
[23] | Drawing GR-4.2 27% Y Y previous version w/ concrete foundation was Y

replaced w/ steel foundation tubes.
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Table 4. Summary of Non-Proprietary, Trailing-End Terminals for Reviewed State DOTs (continued)

v1

Rail Trailing
State . . . . BCT Cable
DOT Terminal Designation Hglght Posts? | Anchor? Note End
(in.) Only?
. 28 Either W-beam or thrie beam configuration. Must
D Drawing 630.80 (32) Y Y be out of clear zone of opposing traffic. Y
[24] Drawing 630.32 28 N N Must be out of clear zone of opposing traffic. Y
Drawing 630.02 30 N N Thrl_e beam. Must be out of clear zone of opposing vy
traffic.
WI | Type 2 3 -
[25] | Drawing S.D.D. 14 B 16-40 31% Y Y For one-way roadway only Y
Type C . .
Drawing 606-1 (sheet 10) 27 Y Y Must be out of clear zone of opposing traffic. Y
wy N
[26] | Type D (low-speed terminal) . . (only
Drawing 606-1 (sheet 11) 27 Y Y Must be out of clear zone of opposing traffic. for short
radius)
T Metal Beam Guard Fence Anchor
[27] Terminal 31 Y Y Must be out of clear zone of opposing traffic. Y
GF (31) DAT-11
Type SFT 979, v v Must be out of clear zone of opposing traffic. Thrie v
Drawing A77H1 * beam w/ asymmetrical transition to barrier rail.
CA Single thrie beam barrier end Must be out of clear zone of opposing traffic.
[16] anchor 32 Y Y Thrie beam w/ asymmetrical transition to barrier Y
Drawing A78E1 rail.
Anchored in backslope rail NA N N Must be out of clea'r zone of.o-pposmg tr-afflc.'Thrle N
beam w/ asymmetrical transition to barrier rail.
[';;;] Anchored in backslope rail NA N N Anchorage provided by concrete foundation. Y
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Figure 2. BCT Post Trailing-End Terminal Adopted by Wisconsin DOT [25]
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able to release in a controlled manner if a vehicle wedged under and/or snagged on it. As
such, there are concerns for excessive vehicle snagging on the cable anchor for this specific type
of configuration.

For guardrail systems with rail splices located at the midspan between posts, such as the
MGS, the reviewed state DOT standards, except for the lowa DOT [19], considered adding an
extra line post at the farthest downstream splice. By altering the post spacing near the trailing-
end terminal, the W-beam system terminates at a BCT post instead of extending one half span
beyond the last BCT post.

A particular solution adopted by the lowa DOT for trailing-end terminals was based on
the use of BCT posts and a cable anchor in combination with a thrie beam rail element at the end
of the barrier, as shown in Figure 3. Although this particular design requires the use of a
transition between the thrie beam and the W-beam guardrail, the increased shielding area
provided by the thrie-beam rail in lieu of W-beam rail may reduce the potential for vehicle snag

on the cable anchor at the trailing end.
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Figure 3. Trailing-End Terminal Adopted by lowa DOT with BCT Posts and Thrie Beam [19].
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4 DYNAMIC COMPONENT TEST CONDITIONS AND INSTRUMENTATION
4.1 Purpose and Scope

Most non-proprietary, trailing-end terminal designs use 5%-in. x 7%-in. (140-mm x 191-
mm) BCT wood posts embedded into steel foundation tubes connected with a ground strut.
Unfortunately, limited information is available regarding the splitting resistance of the BCT
wood posts, the soil foundation tube resistance, or the overall dynamic capacity of a trailing-end
terminal system that uses these standard components. Therefore, a series of dynamic component
tests were performed to investigate and measure the noted behaviors and/or capacities.

Three test series were conducted on BCT end anchorages. The first test series, test nos.
BCTRS-1 and BCTRS-2, consisted of eccentric shear loading on a BCT post to evaluate post
splitting. Second, component test no. MGSEA-1 consisted of a pull test of the soil foundation
tube. The third test series, test nos. DSAP-1 and DSAP-2, consisted of pull tests of a cable
attached to a BCT foundation tube and subsequently connected to a W-beam guardrail.

The information desired from the bogie tests was to determine force versus deflection
response. These results were then used to find total energy dissipated during each test by
calculating the area under the force versus deflection curve.

4.2 Test Facility

All dynamic tests were conducted at the MwRSF outdoor testing facility located at the
Lincoln Air Park on the northwest side of the Lincoln Municipal Airport. The facility is
approximately 5 miles (8 km) northwest of the University of Nebraska’s city campus in Lincoln,
Nebraska.

4.3 Test Equipment and Instrumentation
Equipment and instrumentation utilized to collect and record data during the dynamic

bogie testing program included a bogie, accelerometers, load cells, string potentiometers,
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pressure tape switches, high-speed and standard-speed digital video cameras, and still cameras.
For test nos. MGSEA-1, DSAP-1 and DSAP-2, one or two tensile load cells and a string
potentiometer were also used.

4.3.1 Bogie Vehicle

For test nos. BCTRS-1 and BCTRS-2, a rigid-frame bogie was used to impact the BCT
wood posts. A fixed-height, eccentric, detachable impact head was used during the testing
program. The impact head was constructed from a 12-in. x 12-in. x 1-in. (305-mm x 305-mm X
25-mm) steel plate that was welded to a 12-in. x 12-in. x 1-in. (305-mm x 305-mm x 25-mm)
base mounting plate and reinforced with two triangular gussets, as shown in Figure 4, and was
mounted with a center-of-head height of 247 in. (632 mm). The centerline of the bogie was
aligned with the center of the post. The eccentric head was designed to transfer weak-axis
bending and twisting loads to the post by impacting a shear transfer device attached with a bolt
through the guardrail post bolt hole in the post. The weight of the bogie with the addition of the

mountable impact head and accelerometers was 1,590 Ib (721 kg).

Figure 4. Rigid-Frame Bogie used for Test Nos. BCTRS-1 and BCTRS-2
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Test nos. BCTRS-1 and BCTRS-2 were conducted using a steel corrugated beam
guardrail to guide the tire of the bogie vehicle. A pickup truck was used to push the bogie vehicle
to the required impact velocity. After reaching the target velocity, the push vehicle braked, thus
allowing the bogie to be free rolling as it came off the track. A remote-control braking system
was installed on the bogie, thus allowing it to be brought safely to rest after the test.

For test nos. MGSEA-1, DSAP-1, and DSAP-2, a rigid-frame bogie was used to pull the
end anchor system. The total mass of the bogie vehicle was 4,753, 5,086, and 4,780 Ib (2,156,
2,307, and 2,168 kg) for test nos. MGSEA-1, DSAP-1, and DSAP-2, respectively. Four 3x7 wire
rope cables were connected in a parallel configuration and used to pull on various components.
The wire ropes were terminated with thimble (or cable saver) terminations and attached to the
back of the bogie vehicle using a high-strength nylon strap and a pin-and-shackle connection.
The bogie vehicle and the pull cable used for test nos. MGSEA-1, DSAP-1, and DSAP-2 are

shown in Figure 5.

Figure 5. Rigid-Frame Bogie used for Test Nos. MGSEA-1, DSAP-1, and DSAP-2

A pickup truck with a reverse cable tow system was used to propel the bogie to a target
impact speed of 15 mph (24 km/h) for test no. MGSEA-1 and 25 mph (40 km/h) for test nos.
DSAP-1 and DSAP-2. A steel corrugated beam guardrail guided the tire of the bogie vehicle.

When the bogie approached the end of the guidance system, it was released from the tow cable,
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thus allowing it to be free rolling when it started to tension the pull cable. A remote-control
braking system was installed on the bogie, thus allowing it to be brought safely to rest after the
test.

4.3.2 Accelerometers

Two environmental shock and vibration sensor/recorder systems were mounted on the
bogie vehicle near its center-of-gravity (c.g.) to measure the acceleration in the longitudinal,
lateral, and vertical directions for each test, except only one system was used for test no. DSAP-
2. However, only the longitudinal acceleration was processed and reported. The type of

accelerometer systems used for each specific component test is shown in Table 5.

Table 5. Accelerometer Systems Used for Dynamic Component Tests

Test No. Accelerometer
BCTRS-1 EDR-3, DTS
BCTRS-2 EDR-3, DTS
MGSEA-1 EDR-3, DTS-SLICE
DSAP-1 EDR-3, DTS
DSAP-2 EDR-3

The first accelerometer system was a two-arm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, California. One accelerometer was used to
measure longitudinal acceleration at a sample rate of 10,000 Hz. The accelerometer was
configured and controlled using a system developed and manufactured by Diversified Technical
Systems, Inc. (DTS) of Seal Beach, California. More specifically, data was collected using a
DTS Sensor Input Module (SIM), Model TDAS3-SIM-16M. The SIM was configured with 16
MB SRAM and 8 sensor input channels with 250 kB SRAM/channel. The SIM was mounted on
a TDAS3-R4 module rack. The module rack was configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
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backup battery. Both the SIM and module rack were crashworthy systems. The “DTS TDAS
Control” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

A second system, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a
range of £200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

A third accelerometer system was a modular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensor was mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a
range of +500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter.
The “SLICEWare” computer software programs and a customized Microsoft Excel worksheet
were used to analyze and plot the accelerometer data.

4.3.3 Tensile Load Cells

A load cell was installed in line with the pull cable for test nos. MGSEA-1, DSAP-1, and
DSAP-2. One additional load cell was installed in line with the cable anchor for test nos. DSAP-
1 and DSAP-2. The positioning and setup of the load cells are shown in Figures 6 and Figure 7.

The load cells were manufactured by Transducer Techniques and conformed to model no.
TLL-50K with a load range up to 50 kip (222 kN). During testing, output voltage signals were
sent from the load cells to a National Instruments data acquisition board, acquired with LabView
software, and stored permanently on a personal computer. The data collection rate for the load

cells was 10,000 samples per second (10,000 Hz).
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MGSEA-1

Figure 6. Tensile Load Cell Location, Test No.
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Figure 7. Tensile Load Cell Setup, Test Nos. DSAP-1 and DSAP-2
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4.3.4 Compressive Load Cells

Two compressive load cells were also used in test no. DSAP-1. The compressive load
cells are shown in Figure 8. One compressive load cells was placed between the nut and the
modified cable anchor bracket at the end of the system, and one was attached between the nut
and anchor bracket on the pull cable side of the system.

The washer-type compressive load cells were manufactured by Transducer Techniques
and conformed to model no. LWO-80 with a load range up to 80 kip (356 kN). During testing,
output voltage signals were sent from the load cells to a National Instruments data acquisition
board, acquired with LabView software, and stored permanently on a personal computer. The
data collection rate for the load cells was 10,000 samples per second (10,000 Hz).

4.3.5 String Potentiometers

A linear displacement transducer, or string potentiometer, was installed at the ground line
of the post in test no. MGSEA-1 to determine the displacement of the post. For test nos. DSAP-1
and DSAP-2, the string potentiometer was attached at the ground line of the very end BCT post
to measure the anchor systems displacement. The positioning and setup of the string
potentiometer are shown in Figure 9. The string potentiometer used was a UniMeasure PA-50
with a range of 50 in. (1,270 mm). A Measurements Group Vishay Model 2310 signal
conditioning amplifier was used to condition and amplify the low-level signals to high-level
outputs for multichannel, simultaneous dynamic recording in the “LabView” software. The
sample rate of the string potentiometer was 1,000 Hz.

4.3.6 Pressure Tape Switches

For test nos. BCTRS-1 and BCTRS-2, three pressure tape switches, spaced at
approximately 18-in. (457-mm) intervals and placed near the end of the bogie track, were used to

determine the speed of the bogie before impact. As the right-front tire of the bogie passed over
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Flgu 8. oreive Load Cell Plement, Test No DSAP-1
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Figure 9. String Pot Backup Structure and Attachment Location, Test Nos. MGSEA-1, DSAP-1
and DSAP-2
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each tape switch, a strobe light was fired, sending an electronic timing signal to the data
acquisition system. The system recorded the signals and the time each occurred. The speed was
then calculated using the spacing between the sensors and the time between the signals. Strobe
lights and high-speed video analysis are used only as a backup in the event that vehicle speeds
cannot be determined from the electronic data.

4.3.7 Digital Photography

AOS X-PRI high-speed digital video cameras and JVC digital video cameras were used
to document each test. The AOS high-speed camera had a frame rate of 500 frames per second
and the JVC digital video camera had a frame rate of 29.97 frames per second. The number of
AOS VITcam cameras and JVC digital video cameras, and their location for each specific test
are listed in Tables 6 and 7, respectively. A Nikon D50 digital still camera was also used to

document pre- and post-test conditions for all tests.

Table 6. Number and Location of High-Speed Cameras Used for Dynamic Component Tests

# of AOS .
Test No. Y-PRI Location
BCTRS-1 5 tl_rgtle;ﬁlly from post, with view perpendicular to bogie’s direction of
i Camera 1 pointing at back side of post.
BCTRS-2 2 Camera 2 pointing at front side of post.
MGSEA-1 1 tl_rgtleglally from post, with view perpendicular to bogie’s direction of
Perpendicular to the system, pointing toward the back side of the rail:
DSAP-1 2
Camera 1 focused on end anchor.
DSAP-2 9 Saabrreera 2 focused on connection between end of W-beam rail and pull
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Table 7. Number and Location of JVC Digital Cameras Used for Dynamic Component Tests

Test No. #of JVC Location
Cameras
BCTRS-1 5 tl_rgtferﬁ”y from post, with view perpendicular to bogie’s direction of
Camera 1 pointing at back side of post.
BCTRS-2 2 Camera 2 pointing at front side of post.

Two cameras perpendicular, and one camera parallel to bogie’s
direction of travel:

Camera 1 (perpendicular) pointing at front side of post.

Camera 2 (perpendicular) pointing at rear side of post.

Camera 3 (parallel) pointing at post from side opposite to bogies’
direction of travel.

MGSEA-1 3

Two cameras perpendicular, and one camera parallel to the system:

DSAP-1 3 Camera 1 (perpendicular) pointing at front side of W-beam rail.
Camera 2 (perpendicular) pointing at rear side of W-beam rail.
DSAP-2 3 Camera 3 (parallel) pointing at anchor end post.

4.4 End of Test and Loading Event Determination

When the impact head initially contacts the test article, the force exerted by the surrogate
test vehicle is directly perpendicular. However, as the post rotates, the surrogate test vehicle’s
orientation and path moves further from perpendicular. This introduces two sources of error: (1)
the contact force between the impact head and the post has a vertical component and (2) the
impact head slides upward along the test article. Therefore, only the initial portion of the
accelerometer trace may be used since variations in the data become significant as the system
rotates, and the surrogate test vehicle overrides the system. For this reason, the end of the test
needed to be defined.

Guidelines were established to define the end of test time using the high-speed video of
the crash test. The first occurrence of any one of the following three events was used to

determine the end of the test: (1) the test article fractures; (2) the surrogate vehicle
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overrides/loses contact with the test article; or (3) a maximum post rotation of 45 degrees is
achieved.

The BCT posts fractured after impact with the bogie in test nos. BCTRS-1 and BCTRS-2.
The test was determined to be completed after both halves of the BCT post fractured at the
ground line and disengaged from the impact head.

For test no. MGSEA-1, the test was determined to be completed when the post and
foundation tube had come to rest. During the test event, after the foundation tube had displaced
more than 6 in. (152 mm), the wire rope connected to the load cell assembly and the bogie
ruptured, resulting in a premature end-of-test event. Data collection and analysis ceased after the
string pot data indicated very small perturbations from the permanent set at static equilibrium.

For test nos. DSAP-1 and DSAP-2, the W-beam was pulled downstream by the modified
BCT cable anchor and the BCT posts fractured. The steel post with blockout was twisted
downstream and released from the rail. After the rail had either disengaged from or fractured all
three of the posts, data collection and analysis was terminated, and the test was determined to be
completed.

4.5 Data Processing

4.5.1 Accelerometers

The electronic accelerometer data obtained in the dynamic testing was filtered using the
SAE Class 60 Butterworth filter conforming to the SAE J211/1 specifications [29]. The pertinent
acceleration was extracted from the bulk of the data signals.

The processed acceleration data was then multiplied by the mass of the bogie to get the
impact force using Newton’s Second Law. Next, the acceleration trace was integrated to find the
change in velocity versus time. Initial velocity of the bogie, calculated from the pressure tape

switch data, was then used to determine the bogie velocity. The calculated velocity trace was
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then integrated to find the bogie’s displacement, which is also the deflection of the post.
Combining the previous results, a force versus deflection curve was plotted for each test. Finally,
integration of the force versus deflection curve provided the energy versus deflection curve for
each test.

4.5.2 Load Cells

For test nos. MGSEA-1, BCTRS-1, and BCTRS-2, force data was measured with the
load cell transducers and filtered using the SAE Class 60 Butterworth filter conforming to the
SAE J211/1 specifications [29]. The pertinent voltage signal was extracted from the bulk of the
data signal similar to the acceleration data. The filtered voltage data was converted to load using
the following equation:

Load = [ 1 ] Filtered Load Cell Data
oad = Gain ((Calibration Factor)(Excitation Voltage)) ( 1V )

Full — Scale Load 1000 mV

Details behind the theory and equations used for processing and filtering the load cell
data are located in SAE J211/1. The gain and excitation voltage were recorded for each test. The
full-scale load for the TLL 50K load cells was 50 kip (222 kN). The calibration factor varied
depending on the specific load cell being used. The load cell data was recorded in a data file and
processed in a specifically-designed Excel spreadsheet. Force versus time plots were created to
describe the load imparted to the system.

4.5.3 String Potentiometers

For test nos. MGSEA-1, BCTRS-1, and BCTRS-2, the pertinent data from the string
potentiometers was extracted from the bulk signal similar to the accelerometer and load cell data.
The extracted data signal was converted to a displacement using the transducer’s calibration

factor. Displacement versus time plots were created to describe the motion of the system at
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groundline. The exact moment of impact could not be determined from the string potentiometer
data as impact may have occurred a few milliseconds prior to post movement. Thus, the
extracted time shown in the displacement versus time plots should not be taken as a precise time

after impact, but rather a general time in relation to the impact event.
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5 COMPONENT TEST - ECCENTRICALLY LOADED BCT POST
5.1 Test Setup and Instrumentation

Bogie test nos. BCTRS-1 and BCTRS-2 were conducted on BCT wood posts to
determine their dynamic properties under an eccentric loading condition. This phenomenon may
occur when the rail pulls on the post through the bolted connection in an end anchorage system.
Details of the test setup are shown in Figures 10 through 16. Photographs of the test setup are
shown in Figure 17. Material specifications, mill certifications, and certificates of conformity for
the BCT post materials used in test nos. BCTRS-1 and BCTRS-2 are shown in Appendix B.

Each test was conducted on a 5%-in. x 7%-in. (140-mm x 191-mm) BCT wood post
embedded 14 in. (356 mm) into a rigid sleeve. A rigid, steel shear-and-torsion extension (STE)
was attached to the BCT post through the post-to-rail attachment hole drilled through the post
parallel with the strong axis. The resulting top mounting height of the STE was 2634 in. (670
mm). An eccentric impact head, as described in Section 4.3.1, was mounted on the front of a
1,590-Ib (721-kg) bogie vehicle and on the same side as the STE attached to the BCT post, such
that the bogie head would impact the STE. This setup applied an eccentric impulse load to the
BCT post, which approximates the tensile forces transferred between the rail and a BCT post
without a cable anchor connection.

The target impact speed and angle were 15 mph (24 km/h) and O degrees (i.e., a weak
axis bending), respectively. The protrusion attached to the post was impacted by the eccentric
bogie head at a nominal offset of 3 in. (76 mm) from the post’s side face, as shown in Figure 17.

The centerline of the protrusion was located at 247z in. (632 mm) above the ground line.
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ltem No. QTY. Description Material Specification Hardware Guide
al 1 5 1/2x3x1/2" [140x76x13] Eccentric Impact Post Attachment Backplate ASTM A36 Steel -
a2 1 12x3x1/2” [305x76x13] Eccentric Impact Post Attachment Impactplate ASTM A36 Steel -
a3 2 1/2” [13] Eccentric Impact Post Attachment Gusset ASTM A36 Steel i
a4 1 1/4” [6] Eccentric Impact Post Attachment Supportplate ASTM A36 Steel -
a5 1 12x12x1"” [305x305x25] Eccentric Impact Head Backplate ASTM A36 Steel -
ab 1 12x12x1"” [305x305x25] Eccentric Impact Head Impactplate ASTM A36 Steel -
a7 ) 1" [25] Eccentric Impact Head Gusset ASTM A36 Steel -
b1 1 BCT Timber Post —MGS Height SYP Grade No. 1 or better PDFO1
» 5 » 5 | T! 7
b2 1 5/8” [16] Dia. x 10" [356] long Guardrail Bolt and Nut Balt ASTM 8207 or, Srade 2 Steel/ FBBO6
b3 2 5/8” [16] Dia. Plain Round Washer ASTM A307 or Grade 2 Steel FWC16a
b4 2 3/4" [19] Dia. Plain Round Washer ASTM A307 or Grade 2 Steel FWC20a
» . Bolt ASTM A307 or Grade 2 Steel
b5 1 5/8” [16] Dia. Hex Bolt and Nut Nut ASTM AS63 DH / FBX16a
SHEET:
Wl Downstream 70t 7
Anchorage
DATE:
9/23/2011
Bill of Materials DRAWN BY:
. . DMH/JGP
Midwest Roadside -
Safety Facility |2 we SCALE: N/A [ReV. BY:
WI_DS_anchor_BCT_R5 UNITS: Inches gg/mL/J

Figure 16. Bill of Materials, Test Nos. BCTRS-1 and BCTRS-2
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Flgur“e 17. Test Setup, Test Nos. BCTRS-1 and BCTRS-2
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The accelerometer data were processed in order to obtain acceleration, velocity, and
deflection curves, as well as force versus deflection and energy versus deflection curves. The
values described herein were calculated from the DTS data curves. Although the acceleration
data was applied to the impact location, the data came from the c.g. of the bogie. Error was
added to the data; since, the bogie was not perfectly rigid and sustained vibrations. The bogie
may have also rotated during impact, causing differences in accelerations between the bogie
center of mass and the bogie impact head. However, these sources of error were believed to be
minor in comparison with the magnitudes of the data obtained. Filtering procedures were applied
to the data to smooth out vibrations, and the rotations of the bogie during testing were deemed
minor. One useful aspect of using accelerometer data was that it included influences of the post
inertia on the reaction force. This was important as the mass of the post would affect barrier
performance as well as test results.

5.2 Results

5.2.1 Test No. BCTRS-1

During test no. BCTRS-1, the eccentric bogie head impacted the protrusion mounted on
the left side of the 5%-in. x 7%-in. (140-mm x 191-mm) BCT wood post at a speed of 15.6 mph
(25.1 km/h), which caused multiaxial loading, consisting of longitudinal shear, weak-axis
bending, and torsion. Time-sequential and post-impact photographs are shown in Figure 18.
After initially bending, the post split into two pieces along a fracture plane which was nearly
perpendicular to the bogie vehicle’s direction of motion. The fracture started at the top of the
post and moved downward, but the split terminated above the through-hole at the ground line. At
0.046 sec, the bogie impacted the second portion of the post, which subsequently fractured at the

ground line at 0.066 sec.
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102 msec

Figure 18. Time-Sequential and Post-Impact Photographs, Test No. BCTRS-1
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Force versus deflection and energy versus deflection curves created from the DTS
accelerometer data are shown in Figure 19. The results from all transducers used during the test
are provided in Appendix C. A large force spike occurred over the first 1.0 in. (25 mm) of
deflection, and was caused by the inertial resistance of the post. After this initial spike, the force
dropped to a relatively constant average value of 3.1 kip (14 kN) through a deflection of 4.8 in.
(122 mm). At 0.018 sec after impact, and a bogie displacement of 5.0 in. (127 mm), the
eccentrically-loaded BCT post split through a vertical plane, and the back half of the post
fractured above the BCT hole. The final force spike occurred between a bogie displacement of
15 and 20 in. (381 and 508 mm) when the remaining portion of the post was impacted by the
bogie vehicle. The second portion of the post fractured at 0.066 sec. The energy dissipated
corresponding to the complete fracture of the first portion of the post at 5.9 in. (150 mm) was

19.0 Kkip-in. (2.1 kJ). The total energy dissipated due to fracture of both post sections was 59.9

kip-in. (6.8 kJ).
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Figure 19. Force vs. Deflection and Energy vs. Deflection, Test No. BCTRS-1
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5.2.2 Test No. BCTRS-2

During test no. BCTRS-2, the eccentric bogie head impacted the STE mounted on the
face of the 5%-in. and 7%-in. (140-mm x 191-mm) BCT wood post at a speed of 15.3 mph (24.6
km/h), which caused multi-axial loading, consisting of lateral shear, weak-axis bending, and
torsion. Time-sequential and post-impact photographs are shown in Figure 20. After initially
bending and twisting, the post split in two pieces along a vertical fracture plane perpendicular to
the bogie vehicle’s direction of motion at 0.016 sec. The fracture started at the top of the post and
moved downward, where the post portion connected to the STE fractured at the ground line. The
bogie vehicle impacted the second portion of the post at 0.0513 sec. At 0.0645 sec, the second
portion of the post fractured at the ground line. The results from all transducers used during the
test are provided in Appendix C.

Force versus deflection and energy versus deflection curves created from the DTS
accelerometer data are shown in Figure 21. An inertial force spike occurred over the first inch
(25 mm) of deflection. After this initial force spike, the force dropped to a relatively constant
average value of 5.0 kips (22 kN) through a deflection of approximately 3 in. (76 mm). This
deflection was due to a combination of post bending and twisting. The resistance force increased
to 7.4 kip (32.9 kN) at 0.016 sec and a bogie displacement of 3.7 in. (94 mm). The post then split
through a plane that was nearly perpendicular to the bogie vehicle’s direction of motion. The
energy dissipated due to the splitting fracture of the first portion of the post was 26.0 kip-in. (2.9
kJ). The bogie vehicle subsequently impacted the remaining portion of the post at 0.0513 sec
with a bogie displacement of 12.8 in. (325 mm), which fractured at a bogie vehicle displacement
of 15.9 in. (404 mm) and a load of 10.7 kip (47.6 kN). The energy corresponding to the complete

fracture of the BCT post with STE attachment was 62.6 Kip-in. (7.1 kJ).

45



October 28, 2013
MwRSF Report No. TRP-03-279-13

98 msec

Figure 20. Time-Sequential and Post-Impact Photographs, Test No. BCTRS-2
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Figure 21. Force vs. Deflection and Energy vs. Deflection, Test No. BCTRS-2

5.3 Discussion

In both test nos. BCTRS-1 and BCTRS-2, the BCT post split into two pieces as a
consequence of the impact force transferred by the rigid steel STE to the wood post. The impact
speeds utilized in test nos. BCTRS-1 and BCTRS-2 were 15.6 mph and 15.3 mph (25.1 and 24.6
km/h), respectively. The energies associated with the fracture of the first post portion varied from
19.0 kip-in. (2.1 kJ) to 26.0 kip-in. (2.9 kJ) for test nos. BCTRS-1 and BCTRS-2, respectively.
Although the splitting energies varied by 7.0 kip-in. (0.8 kJ), the posts dissipated approximately
the same total amount of energy when the complete fracture of the BCT posts occurred.

Wood is a heterogeneous, laminated composite material with variable material properties.
These variations likely contributed to the differences between the splitting energies in the BCT

posts in test nos. BCTRS-1 and BCTRS-2. The plane of splitting in test no. BCTRS-1 was
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angled such that the fracture plane terminated above the BCT hole in the post, which was located
at the ground line. The split in test no. BCTRS-2 was also angled, but the splitting plane
intersected the BCT hole on the back side of the post. Thus, the second post portion had a larger
cross-sectional area at the BCT hole in test no. BCTRS-1 compared to the post in test no.
BCTRS-2. Therefore, even though the fracture force was higher for the second portion of the
post in test no. BCTRS-2 than in test no. BCTRS-1, the overall fracture energies of the posts
were very similar at 59.9 kip-in. (6.8 kJ) for test no. BCTRS-1 and 62.6 kip-in. (7.1 kJ) for test
no. BCTRS-2, respectively. Force versus deflection and energy versus deflection comparison
plots are shown in Figures 22 and 23, respectively.

Posts which are subjected to splitting in full-scale crash tests or real-world crashes may
not be subjected to complete fracture. As a result, the splitting energies may be more
representative of splitting capacities of the posts than the energy dissipation due to weak-axis
post fracture. Although the energy required to initiate and propagate vertical splitting in wood is
lower than the energy required to fracture the wood in the weak axis, the combined effect of
splitting and subsequent fracture of both split pieces of wood dissipated more energy than only
weak-axis fracture.

Splitting and weak-axis fracture energies of the two BCT posts in test nos. BCTRS-1 and
BCTRS-2 were compared to weak-axis fracture energies of controlled-release terminal (CRT)
posts embedded in rigid sleeves. CRT posts are 6 in. x 8 in. x 72 in. (152 mm x 203 mm x 1,829
mm) timber posts embedded directly in soil, and are often used in lieu of steel breakaway posts
for strong-post systems. Rigid sleeve tests of CRTs dissipated energy in a range spanning
between 11.6 and 35.4 kip-in. (1.3 and 4.0 kJ) [31]. BCT splitting energies in test nos. BCTRS-1
and BCTRS-2 were similar to weak-axis CRT fracture energies, and the combined splitting and

post fracture dissipated almost double the upper range of CRT fracture energy.
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6 DYNAMIC COMPONENT TEST — FOUNDATION TUBE
6.1 Test Setup and Instrumentation

Bogie test no. MGSEA-1 was conducted by pulling on a single 6-in. x 8-in. x 72 in. (152-
mm x 203-mm x 1,829-mm) foundation tube embedded into a compacted, coarse, crushed
limestone material, as recommended by MASH. Details of the test setup are shown in Figures 24
through 34. Photographs of the setup are shown in Figures 35 and 36. Materials specifications,
mill certifications, and certificates of conformity for the system materials used in test no.
MGSEA-1 are shown in Appendix B.

To account for potential inertial effects, a BCT post was placed into a foundation tube. A
plate welded on the back side of the foundation tube was attached to a modified BCT anchor
cable that contained a tension load cell. The instrumented anchor cable was then connected to a
pull cable using an eye nut. The other end of the pull cable was attached to a 4,780-Ib (2,168-kg)
bogie vehicle. The target traveling speed was 15 mph (24 km/h).

The displacement of the foundation tube and the load at the ground line were measured
using a string potentiometer and a load cell located in line with the anchor cable, respectively.
During the test, the load cell cable connector became disconnected. Unfortunately, load cell data
was lost when the wire disconnected early in the event. As a result, the force data was derived
from the acceleration measured at the c.g. of the bogie vehicle.

6.2 Results

Time-sequential and post-test photographs of test no. MGSEA-1 are shown in Figure 37.
During test no. MGSEA-1, the anchor foundation tube was pulled by the cable attached to the
bogie vehicle, which was traveling at an initial speed of 16.1 mph (26.0 km/h) when the cable
started to be tensioned. As a consequence of the pull force, the foundation tube rotated through

the ground over a maximum dynamic displacement of 6.5 in. (165 mm). The final permanent
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ltem No. Quantity Description Material Specification Hardware Guide
al 2 Side Gusset—5"x5"x1/2" [127x127x12.7] ASTM A36 -
a2 1 Top Gusset—8"x2"x1/2" [203x51x12.7] ASTM A36 -
a3 1 Bottom Plate—8"x2"x1/2" [203x51x12.7] ASTM A36 -
a4 1 50 kip Tension Load Cell TLL—-50K—-PTB -
ad 1 Temporary F—Shape Concrete Barrier Element — SWG09
b1 2 7/8” [22.2] Dia. Flat Washer ASTM A153 FWC22a
b2 1 5/8” [15.9] Dia. x 10" [254] Long Hex Head Bolt and Nut ASTM A307 and A563 DH FBX16a
b3 1 7/8" [22.2] Dia. x 7 1/2” [191] Long Hex Head Bolt and Nut ASTM A307 and A563 DH FBX22a
b4 1 1” [25] Dia. Hex Nut ASTM A563 DH Galvanized FBX24a
b5 1 1” [25] Dia. Flat Washer SAE Grade 5 FWC24a
b6 2 5/8” [15.9] Dia. Flat Washer ASTM A153 FWC16a
cl 1 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 1 72" [1829] Foundation Tube ASTM A53 Grade B PTEO6
c3 1 2 3/8” [60] 0.D. x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c4 1 5x8x5/8” [127x203x15.9] Anchor Bearing Plate ASTM A36 Steel FPBO1
d1 2 115—HT Mechanical Splice — 3/4” [19] Dia. As Supplied -
d2 2 3/4” [19] 6x19 IWRC IPS Wire Rope IPS Galvanized -
d3 2 BCT Anchor Cable End Swage Fitting Grade 5 — Galvanized -
d4 3 Crosby Heavy Duty HT—3/4" [19] Dia. Cable Thimble As Manufactured -
E I R sl 0 il
46 3 grhl(ijcc qopp@grd{r/q1r7zprf§8—]FoE;i%?d_H?Jc:\]/ ?ZUt MEGe] Nut — Drilled As Supplied, Stock No. 107 _
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Figure 34. Bogie Testing Matrix and Setup, Test No. MGSEA-1
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Figure35. Test Setup, Test No. MGSEA-1
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e 3 i

Figure 36. :I'est Setup, Test No. MGSEA-1
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IMPACT

Figure 37. Time-Sequential and Post-Impact Photographs, Test No. MGSEA-1
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set deflection was 4.2 in. (107 mm), as measured using the string potentiometer attached to the
back of the tube at ground line. The steel foundation tube bent slightly, thus initiating a plastic
hinge at about 8% in. (216 mm) from its top edge.

The load cell cable connector became disconnected almost immediately after the pull
cable was tensioned. Thus, the force was obtained using acceleration data from the bogie vehicle.
Although the acceleration measured at the bogie center of mass may include damping effects due
to the extension of the pull cable and a time shift, it still provides useful information related to
load resistance of the foundation tube embedded into the soil. The maximum peak load was 43.4
kips (193 kN), as obtained from DTS-SLICE accelerometer data.

Force versus time and deflection versus time curves were plotted and are shown in Figure
38. The results from all transducers used in the test are provided in Appendix C. An intensive
investigation into event timing was conducted to determine the approximate start times for string
pot, accelerometer, and load cell curves. Although visual clues to indicate times of low and high
tension were available, the most convenient reference was derived from the instrumentation
cable which disconnected from the tension load cell at approximately 0.131 sec after the pull
cable began to stretch. It was clearly identifiable in the high-speed video when the data cable
disconnected. As a result, high-speed video of the post deflection was used to relate the time of
maximum foundation tube deflection to the load cell data. Accelerometer data was also matched
to similar load events in the load cell data. Therefore, researchers believe that the load and soil
tube displacement curves plotted against time in Figure 38 are representative of the events that
occurred in the test.

6.3 Discussion
The force measured by the accelerometer mounted on the bogie, DTS-SLICE, indicated

that the maximum force encountered by the BCT anchor cable was approximately 43.4 kip (193
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Figure 38. Forces vs. Time and Displacement vs. Time, Test No. MGSEA-1

kN), leading to a maximum displacement of the soil tube of approximately 6.5 in. (165 mm) as
measured by the string pot. However, real-world soil strengths may be lower than provided by
the coarse, compacted crushed limestone recommended by MASH and used for this bogie testing
effort. Larger deflections of soil tubes may occur when anchor loads approach the failure limits
of a guardrail system’s end anchorage.

The force versus deflection curve of the soil foundation tube in test nos. MGSEA-1 is
shown in Figure 39. An initial tension pulse caused the force on the foundation tube to ramp up
to 13 kip (58 kN), and the deflection increased approximately proportional to the load to a
maximum of 0.5 in. (13 mm), after which point the force and deflection dropped to nearly zero.
This indicated the foundation tube and soil interaction was initially linearly elastic. The largest
force impulse, experienced at approximately 2 in. (51 mm) of deflection, was required to
overcome inertia and move the soil and foundation tube. A relatively steady force was recorded
between 3 and 5 in. (76 and 127 mm) of displacement before the final force spike and maximum

deflection were reached.
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7 DYNAMIC COMPONENT TESTS — END ANCHOR SYSTEM
7.1 Test Setup and Instrumentation

Bogie test nos. DSAP-1 and DSAP-2 were conducted on a modified MGS end anchorage
system consisting of two BCT posts and a steel W6x8.5 (W152x12.6) post, two 12 ft-6 in. (3,810
mm) long W-beam segments, and an instrumented cable anchor connecting the W-beam rail to
the end BCT post. The test matrix and test setup are shown in Figures 40 through 50.
Photographs of the test setup are shown in Figures 51 and 52. Material specifications, mill
certifications, and certificates of conformity for the system materials used in test nos. DSAP-1
and DSAP-2 are shown in Appendix B.

The same modified cable anchor that was instrumented with a load cell, as used in test
no. MGSEA-1, was used for test nos. DSAP-1 and DSAP-2 and is shown in Figures 42 through
45. A second load cell was placed between the cable anchor attached to the free end of the W-
beam rail and the pull cable. The other end of the pull cable was connected to a 4,780-1b (2,168-
kg) bogie vehicle. The target bogie speed was 25 mph (40 km/h).

For test nos. DSAP-1 and DSAP-2, the force was measured using the two load cells. For
test no. DSAP-1, two probationary 80-kip (356-kN) washer-type, compressive load cells were
placed on the threaded swage ends of the pull cable and the modified anchor cable at the anchor
bracket connection. For test nos. DSAP-1 and DSAP-2, the acceleration of the bogie vehicle’s
c.g. was also measured as a backup and for comparison purposes.

For test nos. DSAP-1 and DSAP-2, a string pot was anchored to a flanged U-channel post
embedded in the soil approximately 4 ft (1.2 m) from the upstream anchorage post. The string
pot was secured to the foundation tube of the upstream post to track the displacement of the

anchor tube in both tests.
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6.

Iltem No. QTY. Description Material Specification Hcggi\régre
a 1 12'—6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14a
a2 1 12’—6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWM04a
a3 2 5/8” [16] Dia. x 10" [254] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBBO3
a4 8 5/8" [16] Dia. x 1 1/2"” [38] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBBO1
a5 1 W6x8.5 [W152x12.6] 72" [1830] long (WGQBT“;’\S’T\aQ%SQi”Min§°3‘éS‘ks[f"tg4gpﬁ al) PWEO6
ab 1 6x12x14 1/4” [152x305x362] Blockout SYP Grade No.1 or better -
b1 4 7/8" [22] Dia. Flat Washer Grade 2 FWC22a
b2 2 5/8” [16] Dia. x 10" [254] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX16a
b3 2 7/8” [22] Dia. x 7 1/2” [191] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX22a
b4 3 1” [25] Dia. Hex Nut ASTM A563 DH Galvanized FBX24a
b5 3 1” [25] Dia. Flat Washer Grade 2 FWC24a
b6 38 5/8” [16] Dia. Flat Washer Grade 2 FWC16a
cl 2 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 72" [1829] Foundation Tube ASTM A53 Grade B PTEO6
c3 2 3/8” [60] 0.D. x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c4 1 8x8x5/8” [203x203x16] Anchor Bearing Plate ASTM A36 Steel FPBO1
€5 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
cb6 1 Strut and Yoke Assembly ASTM A36 Steel Galvanized -
c7 16 5/8” [16] Dia. x 1 1/2” [38] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX16a
c8 1 8"x2"x1/2" [203x51x13]—Plate for String Potentiometer ASTM A36 Steel -
d1 2 Temporary F—Shape Barrier - ROMO2
d2 2 Connecting Clevis (from FBT—4) - -
d3 1 Concrete Block—MN Noise Wall - .
d4 1 @1 Eye Nut (from FBT—4) - -
d5 1 D—Ring (from FBT—4) - -
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Figure 49. Bill of Materials, Test Nos. DSAP-1 and DSAP-2
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ltem No. QTY. Description Material Specification
el 2 115—HT Mechanical Splice — 3/4” [19] Dia. As Supplied
e2 3 3/4” [19] Dia. 6x19 IWRC IPS Wire Rope IPS Galvanized
e3 4 BCT Anchor Cable End Swage Fitting Grade 5 — Galvanized
e4 2 Crosby Heavy Duty HT—3/4" [19] Dia. Cable Thimble Stock No. 1037773 — Galvanized
f RS s SN A Stock Nos. 1019597 and 1019604 — As Suppled
g1 2 (Tloh’i)%%%o 1Hc1r}:|¥,grf38[)]ro iOI.-‘oigeLlePe?%/y[ag%/] Eye Nut — Drilled and As Supplied, Stock No. 107
h1 2 TLL—50K—PTB Load Cell NA

08
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Anchor Pull Test
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Figure 50. Bill of Materials, Test Nos. DSAP-1 and DSAP-2 (cont’d)

€1-6/2-€0-dY1 'ON Moday 4SHMIA

€702 '8¢ 1990100



October 28, 2013
MwRSF Report No. TRP-03-279-13

5 R ey
Nl § » \

Figure 51. Bogie Tet Setup, Test Nos. DSAP-1 and DS-
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Figure 52. Load Cell Setup, Test Nos. DSAP-1 and DSAP-2
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7.2 Test Results

7.2.1 Test No. DSAP-1

During test no. DSAP-1, the nylon strap used in the connection joint between the pull
cable and upstream end of the guardrail ruptured. As a consequence, the anchorage was only
partially loaded, and no damage occurred to the wood posts or the post-to-rail connection.

The force versus time curve and deflection versus time curve for test no. DSAP-1 are
shown in Figure 53. The load measured by the two compressive load cells in test no. DSAP-1
were discarded, because it was determined that the washer-type load cell is extremely sensitive
to small misalignments. The results from all tranducers used during the test are provided in
Appendix C. The maximum force measured by the tension load cell attached to the anchor cable
was approximately 18 kip (80 kN) at approximately 0.13 sec after the start of the pull event. The
maximum displacement, as measured by the string potentiometer connected to the top of the
foundation tube of the end post, was approximately 0.31 in. (8 mm) and occurred in
concomitance to the peak force in the anchor cable. Time-sequential and post-impact
photographs are shown in Figures 54 and 55, respectively. Due to the uncertainty associated with
the start time in the string pot and load cells, the start time used for the load cell, anchor cable,
and string pot data should be considered approximate. Therefore, force versus displacement and

energy versus displacement curves were not plotted.
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Figure 53. Forces vs. Time and Displacement vs. Time, Test No. DSAP-1

7.2.2 Test No. DSAP-2

Test no. DSAP-2 was conducted as a repeat of test no. DSAP-1; since, the nylon strap
that was used to connect the pull cable to the anchor cable ruptured during the first test. As the
pull cable started to be tensioned in test no. DSAP-2, the rail was pulled upstream, causing the
two wood BCT posts to deflect upstream. The pull force was almost immediately transferred to
the two foundation tubes, which rotated through the soil. When the cable anchor was tensioned, a
downward vertical force component was applied to the rail. This force deformed the upper side
of the rail slot at the connection with each of the two BCT posts due to the contact with the post
bolt. The end BCT post fractured at the ground line first, followed immediately after by the other

BCT post. After the fracture of the two BCT wood posts, the W6x8.5 (W152x12.6) steel
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Figure 54. Time-Sequential Photographs, Test No. DSAP-1
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post and the wood blockout twisted upstream. When the rail finally released away from the
bolted connection, the steel post came back to its original untwisted configuration. The rail was
eventually pulled downstream until it was brought to a stop by a steel chain connected to its
upstream end and anchored to a concrete barrier.

The force versus time and the deflection versus time curves for test no. DSAP-2 were
processed from transducer data. Event start times for the load cells, accelerometer, and string pot
data were approximated, and the processed data are shown in Figure 56. Technical difficulties
with the pull cable load cell rendered pull cable tension data unusable. The results from all
transducers used during the test are provided in Appendix C. As illustrated in the force versus
time curve, two peak forces of about 21 kip (93 kN) and 35 kip (156 kN) occurred at around 0.06
sec and 0.10 sec, respectively. Two local maximum displacements of about 0.5 in. (13 mm) and
0.9 in. (23 mm) were measured by the string potentiometer connected to the base of the end post.
These two local peak displacements occurred at nearly the same time as two local force peaks.

Time-sequential photographs are shown in Figures 56 and 57. Post-impact photographs are

shown in Figure 58.
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Figure 56. Force vs. Time and Displacement vs. Time, Test No. DSAP-2
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Figure 57. Time-Sequential Photographs — Front View, Test No. DSAP-2
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Figure 58. Time-Sequential Photographs — Rear View, Test No. DSAP-2
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Figure 59. Post-Impact Photographs, Test No. DSAP-2
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7.3 Discussion

For test no. DSAP-2, several important observations were made. The increased tension in
the anchor cable caused the farthest downstream anchor post to fracture first. The post was
pulled upward and upstream by the releasing anchor cable, but it remained attached to the rail
following fracture until it had rotated nearly 90 degrees. The second post from the downstream
end also fractured at nearly the same time, but the post largely rotated around the BCT hole
toward the ground level, and the post released away from the rail during fracture. Neither post
was split due to the BCT loading through the post bolts.

The upward motion of the downstream BCT post after fracture was likely the result of the
angle of the anchor cable between its attachment point on the W-beam and the BCT post. As the
anchor cable tension increased, the angle of the cable resulted in a vertical force and a shear load
applied longitudinally to the post. The lifting load from the cable pulling on the post was clearly
visible at 0.120 sec into test no. DSAP-2, as shown in Figures 57 and 58.

The maximum load sustained by the end anchorage was between 35 and 40 kip (156 and
178 kN). A reasonable limit for estimating the capacity of an end anchorage would thus be 35
kip (156 kN). The anchor cable load versus downstream foundation tube displacement is shown
in Figure 60. The loading curve of the anchor was linear through 0.40 in. (10 mm). The
maximum load of 35 kip (156 kN) occurred at nearly the same time as the maximum deflection
of 0.90 in. (23 mm). The anchor rebounded 0.75 in. (19 mm) in the soil, with a maximum
permanent set deflection of 0.15 in. (4 mm). It should be noted that the rebound force curve was
not relevant, because the anchor cable load cell disengaged from the soil foundation tube after

the BCT post fractured and the bearing plate was released.
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8 NUMERICAL SIMULATIONS — COMPONENT MODELING

Results from the bogie testing program were used to generate models of the MGS end
anchorage components. Simulations were then used to validate the models in predicting and
replicating component behaviors observed in the physical tests. The non-linear finite element
code LS-DYNA was used to perform this simulation effort [30]. First, models of wood CRT
posts were created to compare simulated behavior against physical testing. Then, models of each
of the three bogie testing efforts — eccentric post splitting tests, soil foundation tube tests, and
downstream end anchorage system tests — were created and simulated, and results were
evaluated.
8.1 Wood Post Models

The two BCT wood posts within the downstream end anchorage were modeled using an
isotropic elasto-plastic material model. A bilinear material curve was used to characterize stress-
strain behavior using elastic and plastic moduli equal to1,595 ksi (11 GPa) and 36 ksi (250 MPa),
respectively. The yield stress of the wood material was set equal to 0.87 ksi (6 MPa). A failure
criterion was defined based on a maximum plastic strain of 8 percent.

The calibration of the material parameters was based on a series of dynamic component
tests performed at MwWRSF. During a previous research effort, 6-in. x 8-in. (152-mm x 203-mm)
CRT wood posts embedded in a rigid foundation were impacted at angles of 0, 45, and 90
degrees relative to the strong-axis impact direction [31]. One sample simulation used to validate
the wood material model is shown in Figure 61. The material parameters were calibrated in order
to match as close as possible the wood resistance that was measured in the various impact
configurations. A comparison was made between the experimental and simulated force versus
displacement and energy versus displacement curves for the three impact angles considered with

the CRT wood posts (i.e., 0, 45, and 90 deg with respect to the post’s strong axis of bending), as
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shown in Figures 62 through 67. The results indicated that the modeled wood behavior, using an
isotropic material model and the mentioned mechanical properties, was capable of reproducing
dynamic wood post strength in a stable and efficient manner. Beside the particular geometry of
the CRT wood posts that were used for the calibration process, this material model was deemed
suitable for modeling other similar wood post geometries with a weakening hole, such as BCT

wood posts used in downstream end anchor systems.

Figure 61. Sample Wood Post Impact Simulation to Validate Wood Material Model
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8.2 Wood Splitting Simulation — Eccentrically-Loaded BCT Post

A variation of the BCT wood post model was successfully developed to investigate
splitting of the post in two pieces with a vertical fracture plane passing through the upper bolted
connection between the rail and post. An example of a BCT post splitting simulation model is
shown in Figure 68. The post model was comprised of two parts, which were connected using
tied nodes along a vertical plane through the center of the post. Time-sequential photographs of
test no. BCTRS-1 and the wood post splitting simulation are shown in Figure 69.

Experimental results from test nos. BCTRS-1 and BCTRS-2 were used to calibrate the
wood post model. The comparison of the force versus deflection and energy versus deflection
behaviors from numerical simulations and experimental results are shown in Figures 70 and 71,

respectively.

Figure 68. Example Simulation of Test Nos. BCTRS-1 and BCTRS-2 to Validate Wood Model
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Figure 69. Time-Sequential Images, Test BCTRS-1 and Simulation
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Based on the simulation results, the force versus deflection characteristics of the wood
post model with splitting capability were representative of the lower bound of the force versus
deflection behavior during the initial phase of the post splitting. Complete post fracture
dissipated approximately 38 Kip-in. (4.3 kJ), or approximately 63 percent of the energy
dissipated in test nos. BCTRS-1 and BCTRS-2. Splitting occurred along the vertical plane, thus
separating two parts of the post model. The split terminated at the junction between the separate
post parts, after which time the smaller post piece separated from the post and was projected in
front of the bogie vehicle. The simulation was terminated after the bogie contacted and fractured
the remaining piece of the modeled BCT post.

Similar to the CRT simulation effort, the weak-axis, secondary impact of the post
dissipated much less energy in the model than observed in the test. Whereas the results of the
initial phase of post splitting were very similar to test no. BCTRS-1, secondary fracture occurred
at a significantly lower energy level. This result indicated that BCT post splitting behavior may
be reproduced with the use of improved wood models capable of accurately simulating weak-
axis fracture.

8.3 Soil Foundation Tube and Soil Resistance Model

One important aspect of downstream anchorage modeling is the dynamic behavior of soil
foundation tubes. Due to the difficulty associated with modeling soil with a compacted, coarse
crushed limestone material that is often used in full-scale crash testing, a simplified soil tube
model was developed and evaluated with non-linear soil springs. A 50-in. (1,270-mm) long pull
cable, consistent with wire rope properties derived from %-in. (19-mm) diameter 3x7 guardrail
wire rope [32], was attached to the modified BCT soil foundation tube with a modified,
reinforced bearing plate, as shown in Figure 72. A 2,452-Ib (1,112-kg) discrete mass was

attached to the end of the wire rope and was prescribed an initial velocity of 15 mph (6.7 m/s).
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Figure 72. Soil FoundationTube and Soil Resistance Model

Results from the simulation of test no. MGSEA-1 were compared with physical test
results and are shown in Figure 73. The force versus deflection behavior of the soil foundation
tube model is shown in Figure 74. The soil tube was modeled with shell elements with a
thickness of 0.1875 in. (4.76 mm), and prescribed with rigid material constrained against
translational motion in any direction as well as constrained against twisting about the vertical
axis. As a result, the modeled soil tube could not exactly replicate the behavior of the actual soil
tube in the test, which accelerated and displaced soil. Soil displacement in the test culminated in
both inertial and compressive loads transferred to the soil tube, and the top opening of the soil

tube remained above ground throughout the deflection.
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Figure 73. Time-Sequential Images, Test and Simulation, MGSEA-1
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Historically, soil stiffness has had a significant effect on end anchorage motion. A test of
an MGS long-span system spanning a box culvert resulted in a permanent set of the downstream
anchor post soil tube of 9 in. (229 mm), and the downstream anchor post was lifted up and
extended partially out of the ground after the test [33]. During a test and evaluation of a
maximum flare rate used in combination with the MGS system, the MGS end anchorage
deflected 1.5 in. (38 mm) and lifted partially out of the ground [34]. The dynamic loads applied
to the anchors in these two tests were likely much higher than observed in many other full-scale
crash tests. Nonetheless, the very large dynamic deflections of the soil foundation tubes may not
be solely explained by the large anchor loads. Static soil tests conducted before and after revision
of soil compaction practices at MWRSF indicated an increase in approximate static soil strength
from 6 Kip (27 kN) to 12 kip (53 kN). Lower soil strength may have contributed to the increased
anchor deflections. In addition, soil inertia affected overall deflection in test no. DSAP-2.

Despite these difficulties, the force versus deflection behaviors for the soil foundation

tubes in MGSEA-1 and the simulation with non-linear soil springs were very similar over the
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first 4 in. (102 mm) of deflection, as measured at the string potentiometer attachment location. A
similar downstream soil foundation tube in test no. DSAP-2 only experienced a deflection of 0.9
in. (23 mm) before the BCT posts were fractured, with a string pot attached at the same location.
Thus, it is not anticipated that deflections greater than 4 in. (102 mm) will occur in any future
crash testing efforts utilizing a strong, heavily-compacted soil, to the model was considered
accurate.

8.4 Validation of the Downstream Anchorage

The downstream end anchorage model was validated against the data obtained from the
dynamic component test no. DSAP-2, in which an end anchor system was pulled by a dynamic
impulsive load applied at the upstream end of the rail segment through a bogie vehicle and a tow
cable. A more complete description of the test setup for test no. DSAP-2 was provided in Section
7.2.2.

Test no. DSAP-2 was simulated using modeled components of an MGS end anchorage
system, as shown in Figure 75. The model consisted of two BCT posts inserted into steel
foundation tubes connected by a ground strut. A cable anchor was also attached to a W-beam rail
and with a bearing plate in contact with the end BCT post.

The MGS anchorage model was simulated and compared to the results from the bogie
test. A comparison of the cable anchor force versus deflection of the top of the soil tube was
made between test no. DSAP-2 and the numerical simulation, as shown in Figure 76. Time-
sequential photographs of the test and simulation were compared and are shown in Figure 77.
Both the test and simulation were assumed to start after the W-beam rail began to deflect
downstream. The displacement corresponding to maximum load and the maximum displacement

were 0.9 in. (23 mm) in test no. DSAP-2, whereas the displacement corresponding to the
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maximum load and the maximum displacement were 0.99 in. and 1.03 in. (25.1 mm and 26.2

mm) in the simulation, respectively.

Figure 75. Model of Test No. DSAP-2 Used to Validate End Anchor
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Figure 77. Time-Sequential Images, Test and Simulation, Test No. DSAP-2
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Immediately after simulation began, the W-beam rail was pulled downstream, as shown
in Figure 77. The upstream anchor post fractured through the cross-section between 0.030 to
0.040 sec, and the downstream anchor post fractured between 0.040 sec and 0.048 sec. By
contrast, the downstream anchor post fractured abruptly at 0.040 sec during test no. DSAP-2, and
the upstream post fractured between at 0.076 and 0.122 sec. The downstream anchor post rotated
around the ground line, whereas the upstream anchor post was pulled downstream by the cable
anchor and post bolt in both the test and simulation.

Several differences were noted between the simulation and bogie test of the downstream
anchorage. First, a short length of wire rope was simulated to model the pull cable between the
bogie and the rail. Thus, there was a large impulse force applied to the simulated system, causing
immediate system deflection. In test no. DSAP-2, the bogie vehicle was attached to a long pull
cable which initially rested on the ground. As a result, the system was loaded more gradually.
The more gradual increase in loading also resulted in delayed post fracture in the test compared
to the simulation.

Second, there was no modeled slack in the BCT anchor cable. As a result, the cable was
almost immediately loaded in tension after the W-beam displaced downstream. Furthermore, the
“geometrical stretch” noted in previous literature of slack wire rope during tensioning [32] was
not taken into account in the wire rope model, which led to higher forces culminating from small
deflections in the anchor cable. Thus, the anchor cable model over-predicted the cable anchor
forces through much of the simulation.

Third, wood post modeling in LS-DYNA is subject to significant variation when wood
posts fracture in weak-axis bending. Test and simulation results for the wood post tests shown in
Figures 66 and 67 indicated that weak-axis impacts dissipated more energy and resulted in higher

resistive forces on average through a deflection of 4 in. (102 mm) during the physical tests than
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observed in simulations. Posts were optimized using strong-, weak-, and oblique-axis impacts,
resulting in post models which tended to: overpredict loads and energy dissipated in strong-axis
impacts; approximately matched the energy and force levels in angled-axis impacts; and
underestimated loads and energy in weak-axis impacts. Thus, the BCT posts, which were
subjected to weak-axis loading, fractured at lower loads and energy levels in the simulation than
observed in the bogie test no. DSAP-2.

Despite these differences, the simulated load versus deflection behavior of the anchor and
soil foundation tube reasonably reflected the behavior observed in the bogie test. Furthermore, an
approximately 40-ms delay seemed to be present between the test and simulation, as events
occurring in the simulation analogously occurred in the physical test 40 ms later. When
additional uncertainties in the analysis, variability on repeated tests, and modeling constraints
were taken into account, the simulated model of the MGS end anchorage was determined to be a
good candidate for modeling the downstream end anchor for simulations of vehicular impact

events.
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9 NUMERICAL MODEL OF THE MGS BARRIER

Information gleaned from the actual and simulated bogie component testing program was
used to generate models of an MGS barrier with the associated downstream anchorage system.
Numerical simulations of full-scale crash tests were performed to determine potential critical
impact points (CIPs) which may occur during an impact in close proximity to the downstream
anchorage with both the 1100C and 2270P vehicles. The CIP of the pickup truck is frequently
defined as the point at which it is unclear whether the system will contain and redirect the
vehicle or the end of the system will gate and permit the vehicle to pass through. The small car
CIP corresponds to the point/location which maximizes propensity for the small car to underride
the barrier and become ensnared by the anchor cable.

An LS-DYNA model of a 175-ft (53.3 m) long MGS system was created. The W-beam
rails, rail slots, splice bolts and posts were modeled in detail for the first ten spans from the
downstream end, including the end anchorage. The LS-DYNA model is shown in Figure 78.

Detailed bolted connections were modeled between the cable-anchor bracket and the
back of the most downstream rail segment and for the splice joints between the first six rail
segments from the downstream end of the system. Also, the rail slots used for the connection to
the first ten posts from the downstream end were characterized by a finer mesh in order to better
simulate the plastic deformation in this area.

9.1 Simulated Scenarios and Results

9.1.1 Identification of Critical Impact Scenario for 1100C

The numerical model of a Dodge Neon passenger car was used to simulate full-scale
crash tests at different impact locations in close proximity to the downstream end anchorage of
the MGS barrier model previously described. Simulated impact scenarios considered a top rail

mounting height of both 31 in. (787 mm) and 32 in. (813 mm).
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To identify the critical impact location, full-scale crash tests were simulated with initial
impact points at each quarter of guardrail span in the range starting from a quarter span upstream
from the end post through midspan between the first two line posts. For all of these simulated
scenarios, the initial impact speed and angle were 62 mph (100 km/h) and 25 degrees,
respectively.

In the analysis of the simulation results, specific focus was given to the interaction
between the vehicle’s front end and the cable anchor. This interaction, at the instant when the
end post fracture was initiated, is shown in Figures 79 through 81. Impact points between the
second and third posts resulted in maximum vehicle snag on the BCT cable. In addition, impacts
which occurred within the span of the anchor resulted in vehicle contact with the BCT bearing
plate following the end post fracture, as shown in Figure 82. This interference between the
bearing plate and the impacting tire did not lead to any vehicle instability in the simulations.
However, in an actual full-scale crash test, this situation could lead to the potential for the
vehicle to be trapped if the sharp edge of the bearing plate cut through the tire and hooked the
vehicle’s wheel.

Further simulations were also performed using BCT wood posts that exceeded the
minimum required strength, with focus on impacts occurring between post nos. 2 and 3 to
maximize vehicle snag on the anchor cable. A comparison between the results obtained with a
standard wood strength and with strength of the BCT wood posts in the expected upper boundary
is shown in Figure 83. The simulations with stronger BCT wood posts showed an increase in
vehicle snag on the cable anchor. In particular, for an initial impact occurring at the midspan
between the second and third posts from the downstream end of the rail, the cable anchor slid

onto the inner side of the impacting tire. In the simulations, the vehicle eventually disengaged

113



October 28, 2013
MwRSF Report No. TRP-03-279-13

Impact Rail Height (in.)
Location

31 32

1st + ]/4
span
upstream
from last
post

1St + 3/2
span
upstream
from last
post

1St + %
span
upstream
from last
post

Figure 79. Vehicle-Cable Interaction at Onset of End Post Fracturing
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Figure 80. Vehicle-Cable Interaction at Onset of End Post Fracturing (continued)
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from the cable without instability, as shown in Figure 84. However, this situation may potentially
be dangerous and cause increased occupant risk values during a full-scale crash test.

The simulated full-scale crash tests of the 1100C passenger car in close proximity to the
downstream end anchorage of the MGS system identified two potential critical situations:
(a) interference between the bearing plate and the impacting right-front tire and (b) snagging of
the vehicle’s front end on the anchor cable. Impacts in which the anchor cable interacts with the
inner side of the front wheel were deemed more critical for vehicle instability and occupant risk.

The simulated impact utilized a BCT wood material model which was approximately
representative of the upper boundary of wood strength, a 32-in. (813-mm)-high top rail mounting
height, and an impact location between the second and third posts upstream from the
downstream end post. During this simulation, the vehicle engaged the BCT cable, but the cable
did not become snhagged on the vehicle suspension. However, a different geometry of the
vehicle’s front-end, such as front bumper, engine hood, front fender, and wheel well, may allow
the anchor cable to penetrate more deeply behind the impacting wheel, increasing snag potential
and consequently causing excessive occupant decelerations and vehicle instability. This
simulation scenario was determined to be the most critical impact to evaluate end anchorage
crashworthiness.

Further investigation was carried out to assess potential advantages and disadvantages of
a simple support between the rail and the downstream end post during an impact occurring at the
identified critical impact point. An example of the simply-supported end post is shown in Figure
85. A simply-supported end may be realized as a BCT post which retains the rail at the desired
height through use of an angle bracket or shelf to support the rail. Although a simple support
may decrease the load applied to the BCT wood post, it may also allow for increased wedging of

the vehicle’s front end; since, there would be no vertical constraint applied to the end of the rail.
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Figure 85. Simple Support (Shown in Blue) at Downstream End Post
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The increased wedging or prying action of the rail by the front end of the vehicle could adversely
affect vehicular stability and occupant risk by increasing the likelihood of vehicle snagging on
the anchor cable.

The comparison of simulated impact scenarios with a bolted connection and a simple
support between the rail and the downstream end post confirmed the initial concern about
increased vehicle snag on the cable. In the case with a simple support, the cable penetrated more
deeply into the wheel well and did not come out while the vehicle continued to proceed
downstream. Simulation sequentials are shown in Figure 86. In both simulated scenarios, the
initial impact occurred at the midspan between the second and third posts from the downstream
end of the rail with the top of the rail at 32 in. (813 mm) from ground level and with BCT wood
posts modeled with strengths at the expected upper boundary.

9.1.2 Determination of Downstream End of LON

9.1.2.1 BCT End Posts with Nominal Strength

For the determination of the end of the LON, the numerical model of a Chevrolet
Silverado pickup developed by the National Crash Analysis Center (NCAC) [35] was used to
simulate full-scale crash tests against the 31-in. (787-mm) tall MGS barrier model in close
proximity to the downstream guardrail end anchorage. The simulated full-scale crash tests
considered initial impact locations varying from the fourth to the ninth posts upstream from the
end of the of the downstream anchorage rail section. For clarification, the MGS end anchorage
BCT posts would be positioned at post nos. 1 and 2. Simulations were analyzed with and without
failure of the connection between the right-front wheel and suspension, as shown in Figures 87
and 88. Suspension failure was modeled by terminating the simulation, deleting the rigid joint,
and re-starting the simulation. Suspension failure time was estimated by examining wheel snag

on posts and comparing simulated snag to known suspension failures in crash tests.
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Figure 86. Simulated Impact at the 1100C CIP (Bolted Connection and Simple Support)
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Figure 87. Trajectories and Lateral Positions of 2270P Vehicle for Various Impact Points —
Without Suspension Failure
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Figure 88. Trajectories and Lateral Positions of 2270P Vehicle for Various Impact Points — With
Suspension Failure
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For a 175-ft (53-m) MGS guardrail system with upstream and downstream end anchors, a
2270P truck was predicted to cause system gating at the downstream end of the barrier for all
impacts occurring downstream from the sixth post from the downstream end. When impacts
occurred downstream of the sixth post from the downstream end, the pickup began to yaw and
redirect, but the path of the c.g. continued to encroach behind the system after passing the
downstream anchorage. Impacts occurring upstream of the sixth post from the guardrail end
resulted in vehicle redirection and successful capture, as shown in Figures 87 and 88. Impacts
occurring at the sixth post upstream from the downstream end represented a transition between
capturing and redirecting the vehicle, and system gating permitting the vehicle to travel through
the system. This transition in impact behavior was defined as the end of the LON. The trajectory
of the pickup truck with and without suspension failure as well as system damage sustained
during impacts at the end of the LON are shown in Figures 89 through 91.

A direct comparison of the c.g. trajectory of pickup trucks with and without suspension
failure during impacts at the end of the LON is shown in Figure 92. Results are applicable for a
175-ft (53-m) long MGS system with a 31-in (787-mm) top guardrail mounting height. Similar
results were obtained using the model of the wood BCT anchor posts characterized by the
possibility to split along a vertical fracture plane passing through the upper bolted connection
between the rail and the post. With this more refined model of the BCT wood posts, the anchor
posts fractured at their base when the pickup truck approached the downstream end.

9.1.2.2 BCT End Posts with Lowest Expected Strength

Wood may present some considerable scatter in its mechanical strength properties.
Although higher-strength wood posts were determined to be more critical with respect to small
car redirections, a reduced resistance of the BCT posts at the downstream end anchorage could

affect the safe redirection of the pickup truck. As such, the effect of low wood strength on the
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Time No Suspension Failure Suspension Failure

Figure 89. Simulated Kinematics of 2270P for Impact at Identified End of LON (Overhead)
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Figure 90. Simulated Kinematics of 2270P for Impact at Identified End of LON
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Time No Suspension Failure Suspension Failure

Figure 91. Simulated Kinematics of 2270P for Impact at Identified End of LON

No Suspension Failure Suspension Failure

o,

Figure 92. Simulated Trajectory of the 2270P c.g. for Impact at Identified End of LON
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location of the downstream LON and vehicle redirection was investigated. Further investigation
was performed by simulating vehicular impacts occurring at this nominally identified end of the
LON (i.e., sixth post from the downstream end, or fourth steel post from the downstream end)
with the end anchor wood BCT posts characterized by a reduced strength. A 50-percent
reduction in the maximum strain at failure for the wood material model of the BCT posts was
considered to represent the worst reasonable condition to evaluate the redirection capacity of the
barrier system.

Crashes were simulated using the 2270P model with and without suspension failure. The
maximum vehicle lateral penetration at each post location downstream from the considered
initial impact point is shown in Table 8 along with a comparison of the corresponding values
obtained considering BCT posts with a standard wood resistance. In general, larger barrier
deflections occurred when the impacting wheel disconnected from the pickup truck. Pickup truck
redirection under the various conditions for an impact occurring at the sixth post from the
downstream end of the of the 31-in (787-mm) tall MGS system is shown in Figure 93. Although
the 2270P pickup truck showed an increased pitch angle with a reduced strength of the anchor

BCT wood posts, the vehicle was still safely redirected by the barrier.

Table 8. Maximum Simulated Deflection for 2270P Impact at 6™ Post (End of LON)

Maximum Vehicle Penetration (in.)
Wood Strength Corresponding to Impact at Post No. 6
5th 4th 3I’d 2I"Id 1St
Nominal 38 55 73 82 87
(40) (62) (76) (87) (96)
Reduced 43 63 74 85 93
(45) (69) (83) (99) | (113)

" Values in parentheses indicate case w/ suspension failure
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No Suspension Failure Suspension Failure

Standard Wood Resistance

Reduced Wood Resistance

Figure 93. Vehicle Redirection for Impact Occurring at 6 Post from Downstream End

The simulated full-scale crash tests in close proximity to the downstream end anchorage
of a 31-in (787-mm tall) MGS barrier indicated that the 2270P pickup is redirected for vehicular
impacts occurring at or upstream of the sixth post from the downstream end. Further
investigation that simulated scenarios involving a potential failure of the pickup’s front

suspension and/or a reduced resistance of the anchor BCT posts due to the expected natural
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scatter in the strength properties of wood confirmed a LON at the sixth post from the
downstream end as the best candidate for full-scale crash testing.

It should be noted that for an initial impact at the second post from the downstream end,
the bearing plate disengaged away from the fractured BCT end post and engaged the vehicle’s
tire, as shown in Figure 94. Although this interference between the front tire and the bearing
plate did not result in any vehicle instability in the simulation, there is still a potential that the

vehicle could snag and become unstable if the edge of the bearing plate cuts through the tire.

Figure 94. Tire-Bearing Plate Contact for Impact at 2" Post from Downstream End - 2270P
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10 TEST REQUIREMENTS AND EVALUATION CRITERIA
10.1 Test Requirements
Crashworthy W-beam guardrail terminals must satisfy impact safety standards in order to
be accepted by the Federal Highway Administration (FHWA) for use on the National Highway
System (NHS). For new hardware, these safety standards consist of the guidelines and
procedures published in MASH [2]. According to TL-3 of MASH, W-beam guardrail terminals

must be subjected to up to nine full-scale vehicle crash tests, as summarized in Table 9.

Table 9. MASH TL-3 Crash Test Conditions for Guardrail Terminals

Test Vehicle Impact Conditions
Test .
Test . . . Evaluation
Article | P€signation Type Weight Speed Angle | Griteria 12
No. Ib [ka] (mph [km/h]) | deg
3-30 1100C | 2,425 [1,100] 0
3-31 2270P | 5,000 [2,268] 0
drail 3-32 1100C | 2,425 [1,100] 5-15 | C,D,F,H,I,N
i“a.rl. rai 3-33 2270P | 5,000 [2,268] 5-15
rg'n'gg' 3-34 1100C | 2,425 [1,100] | 62 [100] 25
: 3-35 2270P | 5,000 [2,268] 25
Terminal i 2270P | 5,000 [2.268] 25 | ADFRHI
3-37 2270P | 5,000 [2,268] 25
3-38 1500A | 3,300 [1,500] o | ©DRHIN

! Evaluation criteria explained in Table 10.
2 For gating terminals.

For this specific effort, the full-scale vehicle crash testing program was focused on the
investigation and evaluation of the safety performance of MwRSF’s trailing end guardrail
terminal. Thus, only MASH test designation no. 3-37 was considered and involved a reverse-
direction impact. In particular, two modified versions of test designation no. 3-37 were
considered: a modified test no. 3-37 with the intent of assessing the end of the length of need

rather than maximizing vehicle snag and instability, and a modified test no. 3-37 with a 1100C
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passenger car instead of a 2270P pickup truck. These two variations of MASH test designation
no. 3-37 were identified as modified 3-37-a (2270P) and 3-37-b (1100C).
10.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the guardrail system to contain and
redirect impacting vehicles. In addition, controlled lateral deflection of the test article is
acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle.
Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are
summarized in Table 10 and defined in greater detail in MASH. The full-scale vehicle crash tests
were conducted and reported in accordance with the procedures provided in MASH.

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined, as reported on the test summary sheet. Additional discussion on PHD, THIV,
and ASI is provided in MASH.

10.3 Soil Strength Requirements

In order to limit the variation of soil strength among testing agencies, foundation soil
must satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix
B of MASH. Testing facilities must first subject the designated soil to a dynamic post test to
demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflections between 5 and 20 in.
(127 and 508 mm). If satisfactory results are observed, a static test is conducted using an

identical test installation. The results from this static test become the baseline requirement for
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soil strength in future full-scale crash testing programs in which the designated soil is used. An
additional post installed near the impact point is statically tested on the day of full-scale crash
test in the same manner as used in the baseline static test. The full-scale crash test can be
conducted only if the static test results show a soil resistance equal to or greater than 90 percent
of the baseline test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Alternatively, a
dynamic post test could also be performed on the test day to demonstrate that the soil strength
meets the minimum 7.5-kip (33.4 kN) lateral capacity. Otherwise, the crash test must be

postponed until the soil demonstrates adequate post-soil strength.
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Table 10. MASH Evaluation Criteria for Gating End Terminals Under Test No. 3-37

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring the
vehicle to a controlled stop; the vehicle should not penetrate,
underride, or override the installation although controlled lateral
deflection of the test article is acceptable.

Acceptable test article performance may be redirection, controlled
penetration, or controlled stopping of the vehicle.

Occupant
Risk

Detached elements, fragments or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present an undue hazard to other traffic,
pedestrians, or personnel in a work zone. Deformations of, or
intrusions into, the occupant compartment should not exceed limits
set forth in Section 5.3 and Appendix E of MASH.

The vehicle should remain upright during and after collision. The
maximum roll and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (O1V) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal and Lateral 30 ft/s 40 ft/s

(9.1 m/s) (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.3 of MASH for calculation procedure) should satisfy the
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0¢g’s 20.49 g’s

Vehicle
Trajectory

Vehicle trajectory behind the test article is acceptable.
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11 TEST CONDITIONS

11.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 miles (8 km) northwest of the University of Nebraska-
Lincoln.
11.2 Vehicle Tow and Guidance System

A reverse-cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test
vehicle. The test vehicle was released from the tow cable before impact with the barrier system.
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch [36] was used to steer the test vehicles. A
guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact
with the barrier system. The 3%-in. (9.5-mm) diameter guide cable was tensioned to
approximately 3,500 Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable,
but as the vehicle was towed down the line, the guide flag struck and knocked each stanchion to
the ground.
11.3 Test Vehicles

For test no. WIDA-1, a 2007 Dodge Ram QuadCab 1500 was used as the test vehicle.
The curb, test inertial, and gross static vehicle weights were 5,016 Ib (2,275 kg), 5,002 1b (2,269
kg), and 5,172 Ib (2,346 kg), respectively. The test vehicle is shown in Figure 95, and vehicle
dimensions are shown in Figure 96.

For test no. WIDA-2, a 2006 Kia Rio was used as the test vehicle. The curb, test inertial,

and gross static vehicle weights were 2,491 Ib (1,130 kg), 2,449 Ib (1,111 kg), and 2,619 Ib
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(1,188 Kkg), respectively. The test vehicle is shown in Figure 97, and vehicle dimensions are
shown in Figure 98.

The longitudinal component of the c.g. was determined using the measured axle weights.
The Suspension Method [37] was used to determine the vertical component of the c.g. for the
pickup truck. This method is based on the principle that the c.g. of any freely suspended body is
in the vertical plane through the point of suspension. The vehicle was suspended successively in
three positions, and the respective planes containing the c.g. were established. The intersection of
these planes pinpointed the final c.g. location for the test inertial condition. The vertical
component of the c.g. for the 1100C vehicle was estimated based on historical c.g. height
measurements. The location of the final c.g. for the pickup truck and the passenger car is shown
in Figures 96 and 98, respectively. Data used to calculate the location of the c.g. and ballast
information are shown in Appendix D.

Square, black- and white-checkered targets were placed on the vehicles for reference to
be viewed from the high-speed digital video cameras and aid in the video analysis, as shown in
Figures 99 and 100. Round, checkered targets were placed on the c.g. on the left-side door, the
right-side door, and the roof of the vehicle.

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in
value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted under the right-side windshield wiper and was fired by a pressure tape
switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact
with the test article to create a visual indicator of the precise time of impact on the high-speed
videos. A remote-controlled brake system was installed in the test vehicle so the vehicle could be

brought safely to a stop after the test.

138



October 28, 2013
MwRSF Report No. TRP-03-279-13

Figure 95. Test Vehicle, Test No. WIDA-1
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Note any damage prior to test:

Date: 5/18/2012 Test Number: WIDA-1 Model: 2270P
Make: Dodge Ram 1500 Vehicle L.D.#: 1D7HA18K17J601990
Tire Size: 265/70 R17 Year: 2007 Odometer: 207534
Tire Inflation Pressure: 35psi
*(All Measurements Refer to Impacting Side)
_l_ (— S _I_ Vehicle Geometry -- in. (mm)
£ wheel wheel o a 78 (1981) b 75 (1905)
Track Track
L c 228 (5791) d 4712  (1207)
I I e 14012  (3569) f 40 (1016)
Test Inertial CM. g 281/8 (715) h 645/8 (1640)
PR T i 16 (406) i 29 (737)
&_ P ST WHeELDIA k 2012 (521) 1 2812 (724)
[ ™ ° m 6738  (1711) n 6758 (1718)
b - ! l - l o 45 (1143) p 31/4 (83)
; k O s O 2, ) q 31 (787) r 1812 (470)
3 f s 151/8 (384) t 751/4  (1911)
Wheel Center Height Front 15 1/8 (384)
i Vwreur : WFronv T Wheel Center Height Rear 14 7/8  (378)
c Wheel Well Clearance (F) 36 914)
Mass Distribution b (kg) Wheel Well Clearance (R) 38 (965)
Gross Static LF 1417  (643) RF 1389 (630) Frame Height (F) 18 5/8 (473)
LR 1167  (529) RR 1199  (544) Frame Height (R) 2412  (622)
Engine Type V-6 gas
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 3.7L
W-front 2753  (1249) 2703 (1226) 2806 (1273) Transmission Type:
W-rear 2263 (1026) 2299 (1043) 2366 (1073) anual
W-total 5016  (2275) 5002 (2269) 5172 (2346) FWD 4WD
GVWR Ratings Dummy Data
Front 3700 Type: Hybrid I1
Rear 3900 Mass: 170 1b
Total 6700 Seat Position: Passenger

Small scrapes and small dents in passenger side door and box side

Figure 96. Vehicle Dimensions, Test No. WIDA-1
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Figure 97. Test Vehicle, Test No. WIDA-2
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Date: 6/5/2012 Test Number: WIDA-2 Model: 1100C
Make: Kia Rio Vehicle L.D.#: KNADE123X66033140
Tire Size: 185/65 R14 Year: 2006 Odometer: 159638
Tire Inflation Pressure: 32 psi

*(All Measurements Refer to Impacting Side)

Vehicle Geometry -- in. (mm)

T a 6134 (1568) b 573/4 (1467)

A c 167 (“242) 4 36 ©O14)
vehicle

e 9858 (2505)  f 323/8 (822)

bj g 20 (508) b 3578 (11

i 912 (241 j 23 (584)

kK 13 (330) 1 25 (635)

m 5714  (1454) n 571/4 (1454)

o 2814 (718) p 4 (102)
q 2314  (591) r 1538 (391)
s 1214 (311 t 6112  (1562)

Wheel Center Height Front 10 7/8 (276)

Wheel Center Height Rear 11 1/8 (283)

Wheel Well Clearance (F) 253/4 (654)

Mass Distribution 1b (kg) Wheel Well Clearance (R) _251/2  (648)
Gross Static LF 805  (365) RF 845 (383) Frame Height (F) 61/2 (165)
LR 476  (216) RR 493 (229) Frame Height (R) 16 (406)
Engine Type 4cyl gas
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 1.6L
W-front 1610  (730) 1558 (707) 1650 (748) Transmition Type:
W-rear 881  (400) 891 (404) 969  (440) lanual
W-total 2491 (1130) 2449 (1111) 2619 (1188) RWD 4WD
GVWR Ratings Dummy Data
Front 1918 Type: Hybrid 1
Rear 1874 Mass: 170 1b
Total 3638 Seat Position: passenger
Note any damage prior to test: None

Figure 98. Vehicle Dimensions, Test No. WIDA-2
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=

TEST #: WIDA-1
TARGET GEOMETRY-- in. (mm)

A 81 (2057) E 64 (1626) I 40 (1016)
B 99 (2515) Foo112 (38) J 281/8 (715)
c 48 (1219) G 645/8 (1640) K 42 (1067)
D 64 (1626) H 76 (1930) L 63 (1600)

Figure 99. Target Geometry, Test No. WIDA-1
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TEST #: WIDA-2

TARGET GEOMETRY-- in. (mm)

A 3114 (794) E 4234 (1086) I 20 (508)
B 213/ (552) F 353/ (908) J 30 (762)
c 45 (1143) G 35718 ©11) K 293/4 (756)
D 93/4 (248) H 9858 (2505) L 451/4 (1149)

M 523/4 (1340)

Figure 100. Target Geometry, Test No. WIDA-2
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11.4 Simulated Occupant

For test nos. WIDA-1 and WIDA-2, a Hybrid Il 50™-Percentile, Adult Male Dummy,
equipped with clothing and footware, was placed in the right-front seat of the test vehicle with
the seat belt fastened. The dummy, which had a final weight of 170 Ib (77 kg), was represented
by model no. 572, serial no. 451, and was manufactured by Android Systems of Carson,
California. As recommended by MASH, the dummy was not included in calculating the c.g
location.

11.5 Data Acquisition Systems

11.5.1 Accelerometers

Three environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers
were mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in
dynamic testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter
conforming to the SAE J211/1 specifications [29].

The first accelerometer system was a two-arm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations independently at a sample
rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed
and manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More
specifically, data was collected using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-
16M. The SIM was configured with 16 MB SRAM and 8 sensor input channels with 250 kB
SRAM/channel. The SIM was mounted on a TDAS3-R4 module rack. The module rack was
configured with isolated power/event/communications, 10BaseT Ethernet and RS232

communication, and an internal backup battery. Both the SIM and module rack were
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crashworthy. The “DTS TDAS Control” computer software program and a customized Microsoft
Excel worksheet were used to analyze and plot the accelerometer data.

The second accelerometer system was a modular data acquisition system manufactured
by DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a
range of £500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter.
The “SLICEWare” computer software programs and a customized Microsoft Excel worksheet
were used to analyze and plot the accelerometer data.

The third system, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a
range of £200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

11.5.2 Rate Transducers

An angular rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the
three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test
vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near
the c.g. and recorded data at 10,000 Hz to the SIM. The raw data measurements were then
downloaded, converted to the proper Euler angles for analysis, and plotted. The “DTS TDAS
Control” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the angular rate sensor data.

A second angle rate sensor system, the SLICE MICRO Triax ARS, with a range of 1,500

degrees/sec in each of the three directions (roll, pitch, and yaw) was used to measure the rates of
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rotation of the test vehicles. The angular rate sensors were mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The raw data measurements were then downloaded, converted to the proper
Euler angles for analysis, and plotted. The “SLICEWare” computer software program and a
customized Microsoft Excel worksheet were used to analyze and plot the angular rate sensor
data.

11.5.3 Tensile Load Cell

A tensile load cell was installed in line with the cable anchor at the upstream end of the
barrier system for test no. WIDA-1. The positioning and setup of the load cells are shown in
Figure 101.

The load cell was manufactured by Transducer Techniques and conformed to model no.
TLL-50K with a load range up to 50,000 Ib (222.4 kN). During testing, output voltage signals
were sent from the load cells to a National Instruments data acquisition board, acquired with the
“LabView” software, and stored permanently on a personal computer. The data collection rate
for the load cells was 10,000 samples per second (10,000 Hz).

11.5.4 String Potentiometer

A linear displacement transducer, or string potentiometer, was installed on the upstream
side of the most upstream BCT post (post no. 1) to determine the displacement of the post for
test no. WIDA-1. The positioning and setup of the string potentiometer are shown in Figure 102.
The string potentiometer used was a UniMeasure PA-50 with a range of 50 in. (1,270 mm). A
Measurements Group Vishay Model 2310 signal conditioning amplifier was used to condition
and amplify the low-level signals to high-level outpus for multichannel simultaneous dynamic
recording in the “LabVIEW” software. The sample rate of the string potentiometers was 1,000

Hz.
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Figure 101. Load Cell Setup, Test No. WIDA-1
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1

Test No. WIDA

Figure 102. String Pot Setup,
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11.5.5 Pressure Tape Switches

For both test nos. WIDA-1 and WIDA-2, three pressure-activated tape switches, spaced
at approximately 6.56-ft (2-m) intervals, were used to determine the speed of the vehicle before
impact. Each tape switch fired a strobe light which sent an electronic timing signal to the data
acquisition system as the right-front tire of the test vehicle passed over it. Test vehicle speeds
were determined from electronic timing mark data recorded using TestPoint and LabVIEW
computer software programs. Strobe lights and high-speed video analysis are used only as a
backup in the event that vehicle speed cannot be determined from the electronic data.

11.5.6 Digital Photography

Three AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, one AOS S-VIT 1531 high-speed digital video cameras, four JVC digital
video cameras, and two Canon digital video cameras were utilized to film test no. WIDA-1.
Camera details, camera operating speeds, lens information, and a schematic of the camera
locations relative to the system are shown in Figure 103.

Three AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed
digital video cameras, four JVC digital video cameras, and one Canon digital video camera were
utilized to film test no. WIDA-2. Camera details, camera operating speeds, lens information, and
a schematic of the camera locations relative to the system are shown in Figure 104.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the high-speed videos. A Nikon D50 digital still camera was also

used to document pre-test and post-test conditions for all tests.
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October 28, 2013
MwRSF Report No. TRP-03-279-13

12 MGS BARRIER WITH STANDARD MGS END ANCHORAGE

The test installation consisted of 181 ft — 3 in. (55.2 m) of MGS along with a standard
MGS tension end anchorage system on each end, as shown in Figures 105 through 1109.
Photographs of the test installation are shown in Figures 120 through 122. Material
specifications, mill certifications, and certificates of conformity for the system materials are
shown in Appendix B.

The system was constructed with twenty-nine posts. Post nos. 3 through 27 were
galvanized, ASTM A36, W6x8.5 (W152x12.6) sections measuring 72 in. (1,829 mm) long. The
post material was acceptable with either ASTM A36 or A992 steel. Post nos. 1, 2, 28, and 29
were 5%-in. wide x 7%-in. deep x 46-in. long (140-mm x 191-mm x 1,168-mm) breakaway cable
terminal (BCT) timber posts. All posts were spaced 75 in. (1,905 mm) on center and placed in a
compacted, coarse, crushed limestone material, as recommended by MASH [2]. Posts nos. 3
through 27 had a soil embedment depth of 40 in. (1,016 mm).

Both the upstream and downstream MGS end anchorage systems were adaptations of the
original modified BCT end terminal system but installed tangent. Each anchorage consisted of
two BCT timber posts set into a 6-in. wide x 8-in. deep x 72-in. long (152-mm x 203-mm x
1,829-mm), ASTM A500 Grade B, steel foundation tube. The two 6-ft (1,829-mm) steel
foundation tubes were connected at the ground line with a strut and yoke assembly. The BCT
end anchorage posts were placed in the foundation tube such that their top was 32 in. (813 mm)
from the groundline. One end of a %-in (19-mm) diameter 6x19 wire rope was attached on the
back side of the W-beam, and the other end passed through the hole at the bottom of the end post
and was secured through a 8-in. x 8-in. x %-in (203-mm x 203-mm x 16-mm) steel bearing plate.
A modified BCT anchor cable was used at the upstream anchor in lieu of a standard cable anchor

in test no. WIDA-1 in order to allow for load cell placement, as shown in Figures 110 and 111.
153



October 28, 2013
MwRSF Report No. TRP-03-279-13

Wood blocks measuring 6 in. x 8 in. X 14 ¥ in. (152 mm x 203 mm x 362 mm) were
nailed to 6 in. x 4 in. X 14 ¥ in. (152 mm x 102 mm x 362 mm) blocks to form larger 6 in. x 12
in. X 14 % in. (152 mm x 305 mm x 362 mm) offset blocks to space the rail away from the front
face of each steel post. Standard 12-gauge (2.66-mm thick) W-beam rails with additional post
bolt slots at half-post spacing intervals were mounted between post nos. 1 through 29. The W-
beam top rail height was 31 in. (787 mm) above the ground with a 247%-in. (632-mm) center
mounting height, such that the center of the rail was mounted 7% in. (181 mm) from the top of
the BCT timber posts. Rail splices were located at the midspan locations between posts. The lap
splice connections between the rail sections were configured to reduce vehicle snag potential at
the splice during the crash test.

The installation for test no. WIDA-2 was identical to the system used for test no. WIDA-
1, except that the rail was raised 1 in. (25 mm) to provide a top guardrail height of 32 in. (813
mm), as shown in Figures 123 and 124. Photographs of the test installation are shown in Figures
125 through 127. Material specifications, mill certifications, and certificates of conformity are
shown in Appendix B. A complete set of drawings for the MGS system with a 32 in. (813 mm)

mounting height is provided in Appendix E
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Figure 111. Modified BCT Cable, Test No. WIDA-1

€1-6/2-€0-dY.L 'ON Moday 4SHMIA

€702 '8¢ 1990100



4}

5o
R1 5/8”
[41/]
|
|
)
B 5
| [
[ 3 3/4"
[gé]
y—\
y =1 i
Ny, L/
o
~ % -

T m
AT VN
s Ll/ \l\/ /
LU/ L
Part f1

57t

R1 1/4” R2 5/8”
[32] [67]
1 3/8"
[33]
6 1/2"
(1653 T
" 37/8
4
[1o<] (991 /
r—
19 ]15"
1.1/2"
¢ [38{
Part g1

Midwest Roadside
Safety Facility

SHEET:

Wisconsin DOT Project 8 of 15
MGS with Standar: BATE
Downstream Anchorage 5/25/2012
System
DRAWN BY:

Shackle and Eye Nut JoP

DWG. NAME. SCALE: 1:4 REV. BY:
DS—Anchorage—31in_R5 UNITS: in.[mm]|KAL/RKF

Figure 112. Shackle and Eye Nut for Modified BCT Cable, Test No. WIDA-1
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ltemNo. | QTY. Description Material Specification Hardware Guide
al | 25 |W6x8.5 6 Long [W152x12.6 1829] Steel Post (Wera s % sy S0k, L33, MPab ey PWEOS
a2 25 |6x12x14 1/4” [152x305x362] Blockout SYP Grade No. 1 or better PDB10a—b
a3 1 |6'=3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
a4 12 [12'=6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
a5 2 |12'-6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14aq
ab 1 |W—Beam Rounded End Section 12 gauge [2.7] AASHTO M180 RWEO3a
b1 25 |5/8” Dia. x 14" Long [M16x356] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBBO6
b2 25 (16D Double Head Nail ~ =
b3 4 5/8” Dia. x 10" [M16x254] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBB03
b4 116 |5/8” Dia. x 1 1/2" Long [M16x38] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBBO1
b5 46 |5/8” [16] Dia. Flat Washer ASTM F844 or SAE Grade 2 Steel FWC16a
cl 4 |BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 |72” [1829] Long Foundation Tube ASTM A53 Grade B PTEO6
c3 2 |[Strut and Yoke Assembly ASTM A36 Steel Galvanized =
c4 2 |8x8x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 Steel FPBO1
c5 1 [BCT Anchor Cable Assembly aaye” [19] Byl8 MG 1PS Galvanized FCAO!
c6 2 |Anchor Bracket Assembly ASTM A36 Steel FPAO1
c7 2 |2 3/8" [60] 0.D. x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c8 4 |5/8” Dia. x 10" [M16x254] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBX16a
c9 16 |5/8" Dia. x 1 1/2” Long [M16x38] Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBX16a
c10 4 |7/8” Dia. x 7 1/2” [M22x191] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 A FBX22a
c11 8 |7/8” [22] Dia. Flat Washer ASTM F844 or SAE Grade 2 Steel FWC22a
SHEET:
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MGS with Standar OATE:
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Figure 118. Bill of Materials, Test No. WIDA-1
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ltem No. | QTY. Description Material Specification
d1 1 |TLL—50K—PTB Load Cell NA
el 2 [115—HT Mechanical Splice — 3/4” [19] Dia. As Supplied
e2 2 |3/4” [190] 6x19 IWRC IPS Wire Rope IPS Galvanized
e3 4 |BCT Anchor Cable End Swage Fitting SAE Grade 5 — Galvanized
e4 2 |Crosby Heavy Duty HT—3/4" [19] Dia. Cable Thimble As Manufactured
f1 2 ﬁﬂ‘g,sbgnfzgoigefrpiﬁ?ggd?}f, oo ke = 1/4” [32] Dia. with thin head bolt, | stock Nos. 1019597 and 1019604 — As Supplied
g1 2 Sil'g.ccgoUHN%rd1w20rfM:’[’)g]>p—Forged Heavy Duty Eye Nut — Drilled and Tapped 1 1/2” [38] As Supplied, Stock No. 107

697

SHEET:
Wisconsin DOT Project 190t 1
MGS with Standar OATE:
Downstream Anchorage 5/25/2012
System
DRAWN BY:
Midwest Roadside Bill of Materials Continued Jop
SQfety FQCl“ty DWG. NAME. SCALE: NONE [REV. BY:
DS—Anchorage—31in_R5 UNITS: in.[mm]|KAL/RKF

Figure 119. Bill of Materials, Test No. WIDA-1 (continued)
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Figure 120. Test Installation Photographs, Test No. WIDA-1
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Test No. WIDA-1

121. Test Installation Photographs
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Figure 122. Test Installation Photographs, Test No. WIDA-1
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Notes: (1) Impact location for the 1100C is the midspan of post nos. 27 and 28.
(2) The BCT anchor posts are placed in @3’ [914] holes.
(3) Critical region located between post nos. 21 and 29.

(4) A high—speed digital video camera shall be placed perpendicular to
downstream anchor.

W6x8.5, 72" [W152x12.6, BCT Posts in 6’ [1829
Long (Galvanized) 1829] Long Posts with Long (Galvanized) Foundation
Foundation Tubes, Ground 6'x12°x14 y‘t Tubés, Ground Line Strut,
Line Strut, and BCT Cable [152x305x362] Blockouts and BCT Cable Anchor

(5) Vehicle is expected to gate through.

(6) Avoid qctivating vehicle brakes in the first 100" [30480] downstream
of post no. 29.

(7) Allow for a minimum lateral clearance of 30’ [9144] behind the system

in the first 75" [22860] downstream of post no. 2
(8) Paint the downstream bearing plate and BCT cable two different colors.

(9) Put marks on foundation tube bolts.
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Figure 123. Test Installation Layout, Test No. WIDA-2
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Figure 126. Test Installation Photographs, Test No. WIDA-2
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Figure 127. Test Installation hotographs, Test o. WIDA-2
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13 FULL-SCALE CRASH TEST NO. WIDA-1
13.1 Dynamic Soil Test

Before full-scale test no. WIDA-1 was conducted, the strength of the foundation soil was
evaluated with a dynamic test, as described in MASH. The dynamic test results are shown in
Appendix F. For the first 10 in. (254 mm) of deflection, the soil force exceeded the minimum
force required by more than double. The force averaged 17 kip (76 kN) whereas the minimum is
7.5 kip (33 kN). Between 10 and 18 in. (254 and 457 mm), the soil strength was more than 10
kip (44 kN), which is 25 percent greater than the minimum required strength. After 18 in. (457
mm), the deflection of the post had dissipated most of the energy due to the high soil strength.
Therefore, the force dropped off rapidly before even reaching 20 in. (508 mm) of deflection.
However, the soil was more than capable of providing adequate post-soil strength, and full-scale
crash testing was then conducted on the barrier system.

It should be noted that the measured forces were determined from accelerometers
attached to the c.g. of the bogie vehicle. The accelerations are believed to provide an accurate
assessment of the post-soil capacity.

13.2 Test No. WIDA-1

The 5,172-1b (2,346-kg) pickup truck impacted the downstream segment of the MGS
trailing-end terminal at a speed of 63.0 mph (101.4 km/h) and at an angle of 26.4 degrees. A
summary of the test results and sequential photographs are shown in Figure 129. Additional
sequential photographs are shown in Figures 130 through 132. Documentary photographs of the

crash test are shown in Figure 133.
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13.3 Weather Conditions
Test no. WIDA-1 was conducted on May 18, 2012 at approximately 2:30 pm. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK) were documented and are shown in Table 11 [38].

Table 11. Weather Conditions, Test No. WIDA-1

Temperature 90° F

Humidity 16 %

Wind Speed 33 mph

Wind Direction 160° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.0in.

Previous 7-Day Precipitation 0.0in.

13.4 Test Description

Initial vehicle impact was to occur at the centerline of post no. 24, as shown in Figure
134, which was selected using LS-DYNA analysis to identify the end of the LON, as described
in section 9.1.2. The actual point of impact was 1 in. (25 mm) upstream from post no. 24, or the
sixth post upstream from the downstream end of the barrier. A sequential description of the
impact events is contained in Table 12. The vehicle came to rest facing downstream, located 232
ft — 1 in. (70.7 m) downstream from initial impact point and 5 ft — 3 in. (1.6 m) laterally behind
the traffic-side face of the guardrail. The vehicle trajectory and final position are shown in

Figures 129 and 135.
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Table 12. Sequential Description of Impact Events, Test No. WIDA-1

TIME

EVENT
(sec)

0.000 | Front bumper impacted rail 1 in. upstream from intended impact location.

0.022 | Post no. 29 deflected upstream.

0.058 | Post no. 25 disengaged from rail.

0.080 | Right-front tire overrode post no. 25.

0.082 | Vehicle yawed away from barrier.

0.118 | Post no. 26 disengaged from rail.

0.150 | Post no. 27 disengaged from rail.

0.166 | Post no. 28 fractured at its base.

0.188 | Post no. 29 developed a vertical fracture.

0.208 | Post no. 29 disengaged from rail.

0.250 | Post no. 24 disengaged from rail.

0.280 | Vehicle impacted post no. 29.

0.292 | Bearing plate on downstream cable anchor pulled through post no. 29.

0.296 | Vehicle pitched down.

0.330 | Vehicle became parallel to system with a velocity of 45.3 mph (72.9 km/h).

0.350 | Post no. 29 fractured at the ground line.

0.354 | Rail span downstream from post no. 25 rotated backward around post no. 25.

0.378 | Buffer end rotated forward and impacted the vehicle's front end.

0.396 | Vehicle's grill disengaged from vehicle.

Vehicle exited system with speed of 43.5 mph (70.0 km/h) and angle of 4.2 degrees

0.406 away from the barrier.

0.412 | Vehicle rolled away from barrier.

0.464 | A bend formed in rail at post no. 27.

0.590 | Vehicle rolled toward barrier.

1.452 | Vehicle yawed toward barrier.

1.476 | Vehicle pitched down.

13.5 Barrier Damage
Damage to the barrier was extensive, as shown in Figures 136 through 141. Barrier
damage consisted of deformed W-beam rail and guardrail posts, disengaged rail and wood
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blockouts, contact marks on posts and guardrail, and fractured end anchorage BCT posts. The
length of vehicle contact along the barrier was approximately 34 ft — 4% in. (10.5 m), which
spanned from the actual impact point at 1 in. (25 mm) upstream of post no. 24 to the downstream
end of the guardrail.

The wood blockouts detached from post nos. 25 through 27. The bolt pulled through the
W-beam rail slots at the post connections between post nos. 24 and 29. A Y-in. (6-mm) and a Y-
in. (13 mm) tear occurred in the rail slot for post nos. 24 and 28, respectively, as shown in Figure
137. Small cracks formed at the downstream edge of the rail slot for post no. 29. Post nos. 21 and
22 rotated downstream. Post nos. 23 and 24 both rotated backward, and their front flange twisted
downstream. Post nos. 25 through 27 bent about 30 degrees from the ground and twisted
downstream. Both post nos. 26 and 27 encountered contact marks and gouges. A 7-in. (178-mm)
long contact mark started at 7%z in. (191 mm) from the top of post no. 26. Two contact marks, 6-
in. (152-mm) and 3-in. (76-mm) long, started at the top of the front flange of post no. 27 and at
Y4 in. (6 mm) from the top of the back flange, respectively. Post nos. 28 and 29 fractured at their
foundation tubes.

The rail buckled at post no. 25, post no. 27, and 27% in. (692 mm) downstream of post
no. 28, as shown in Figure 138. Kinks in the top and/or bottom corrugations of the rail were
found between post nos. 22 and 29, as shown in Figure 136. Flattening and folding of the bottom
corrugation of the W-beam rail occurred between post nos. 24 and 29. The bottom corrugation
was folded upward at two main locations downstream of the initial impact point. The first
location where the rail folded started at 6 in. (152 mm) from post no. 24, and extended
downstream for 40% in. (1,022 mm), while the second location started 23 in. (584 mm)
downstream of post no. 27 and ended 7 in. (178 mm) downstream of post no. 29. The bottom

corrugation of the rail was also flattened at two locations. The first flattened segment started 6 in.
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(152 mm) downstream from the rail splice connection between post nos. 25 and 26 and ended 23
in. (584 mm) downstream of post no. 27. The second flattened location extended from 28Y% in.
(724 mm) upstream to 29 in. (737 mm) downstream of post no. 29. In addition, the swage
connector between the downstream anchor cable and the corresponding bearing plate was
slightly bent and the metal sleeve through which the cable passed was deformed, as shown in
Figure 141.

The maximum separation between the W-beam sections was % in. (10 mm) long and
occurred at the splice connections between post nos. 2 and 3, 4 and 5, 22 and 23, and 26 and 27.
No separation occurred at the splice connections between post nos. 6 and 7 as well as 27 and 28.
The splice between post nos. 25 and 26 was separated ¥ in. (6 mm) longitudinally. A separation
of % in. (3 mm) was measured for all the remaining splice connections. A summary of the splice
separation together with details of the slippage for each of the splice bolts is provided in
Appendix G.

The permanent set of the rail and post was 26 ft — 6% in. (8.1 m) at post no. 29 and 21%
in. (540 mm) at post no. 25, respectively, as measured in the field. The maximum rail and post
dynamic deflection was 32 ft — 6.6 in. (9.9 m) at the downstream end of the W-beam rail and
34% in. (883 mm) at post no. 28, respectively, as determined from high-speed digital video
analysis. The working width of the system coincided with the lateral dynamic barrier deflection
which was 32 ft — 6.6 in. (9.9 m).

The main objective for impacts occurring in close proximity to the end of the LON is to
safely redirect the vehicle rather than to prevent the barrier or debris from contacting the shieled
hazard. As such, the working width based on the maximum vehicle penetration behind the
original traffic-side face of the barrier system versus the working width based on maximum

deflection should be considered to determine the allowable hazard envelope near MGS trailing
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end guardrail terminals. For test no. WIDA-1, the maximum lateral vehicle extension behind the
traffic-side face of the barrier was 124 in. (3,150 mm). However, careful attention should be paid
to hazards located behind the barrier which may either be damaged or fall when struck by the
gating W-beam rail and anchorage system.
13.6 Upstream End Anchor Loads

The tensile force was measured in the upstream cable anchor and plotted against the
ground line displacement of the upstream BCT end post, as shown in Figure 128. A peak load of

18.5 kip (82.3 kN) was measured at a displacement of about 0.9 in. (22.9 mm).

End Anchor Load Vs. Deflection
WIDA-1

20

18 ~ \

y A~ )

Load (kips)
o
N
\

0 0.2 0.4 0.6 0.8 1

Deflection (in.)

Figure 128. Force vs. Deflection at Upstream End Anchorage, Test No. WIDA-1
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13.7 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 142 through 144. The
maximum occupant compartment deformations are listed in Table 13 along with the deformation
limits established in MASH for various areas of the occupant compartment. Note that none of the
MASH established deformation limits were violated. Complete occupant compartment and

vehicle deformations and the corresponding locations are provided in Appendix H.

Table 13. Maximum Occupant Compartment Deformations by Location, Test No. WIDA-1

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan % (10) <9 (229)
Floor Pan & Transmission Tunnel Ya (6) <12 (305)
Side Front Panel (in Front of A-Pillar) 0 <12 (305)
Side Door (Above Seat) Y2 (13) <9 (229)
Side Door (Below Seat) Ya (6) <12 (305)
Roof 0 <4 (102)
Windshield Y2 (13) <3 (76)

The majority of the damage was concentrated on the right-front corner of the vehicle
where the impact occurred. The right side of the front bumper was dented about 2 in. (51 mm).
The right-front fender crushed inward about 6 in. (152 mm) and crushed inward above the wheel
well. The back of the right-front quarter panel was dented 2% in. (57 mm). The right-front tire
encountered contact marks and scuffing, and the inner side of the metal rim had contact marks
and minor scrapes. Minor denting and scraping were observed on the vehicle right side. The
front of the right-front door was slightly dented and encountered contact marks. The right-rear

tire encountered light scuffing and the right taillight was partially disengaged.
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The right-side headlight and the radiator grill disengaged from the vehicle. The center of
the front bumper was dented. The front of the hood had a minor gap on the left side. The
windshield and all the other glass were undamaged.

13.8 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
14. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The
calculated THIV, PHD, and ASI values are also shown in Table 14. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 129. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix I.

Table 14. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. WIDA-1

_ o Transducer MASH
Evaluation Criteria .
EDR-3 DTS DTS-SLICE Limits
N -15.27 -14.64 -14.56
oIV Longitudinal (-4.65) (-4.46) (-4.44) <40 (12.2)
ft/s (m/s) -14.85 -14.83 -15.13
Lateral (-4.53) (-4.52) (-4.61) <40 (12.2)
ORA Longitudinal -8.13 -7.48 -8.01 <20.49
g’s Lateral -6.25 -6.91 631 <20.49
THIV 20.07 19.74 .
ft/s (m/s) NA (6.12) (6.02) not required
P;SD NA 9.36 9.5 not required
ASI :
(according to MASH) 0.53 0.53 0.54 not required
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13.9 Discussion

The analysis of the test results for test no. WIDA-1 showed that the MGS barrier with a
non-proprietary, downstream end anchor system (i.e., trailing-end terminal) adequately contained
and redirected the 2270P vehicle with controlled lateral displacements of the barrier. There were
no detached elements nor fragments which showed potential for penetrating the occupant
compartment nor presented undue hazard to other traffic. Deformations of, or intrusions into, the
occupant compartment that could have caused serious injury did not occur. The test vehicle did
not penetrate nor ride over the barrier and remained upright during and after the collision.
Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix |, were deemed
acceptable because they did not adversely influence occupant risk safety criteria nor cause
rollover. Therefore, test no. WIDA-1 was determined to be acceptable according to the MASH

safety performance criteria for modified test designation no. 3-37.
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232'-1" [70.7 m]
TESE AGENCY. . -vvvrvaeeresseesesieesessseess s e e MwRSF Lo
TSt NUMDET ... s WIDA-1 45 3/4"
DALE .vvoooeeeoosveeseesoosseees s 05/18/2012 e
MASH Test Designation NO..........ccoceirereenerineeeseeese e Modified 3-37 — = =
Test Article.......cccoovvirirnnnnns .MGS with MGS End Anchorage ”% = S
Total LeNgth ......cooveeiiiieiiiiee e 181 ft—3in. (55.3 m)
Key Component — W-Beam Rail
ThIiCKNESS ..o 12 gauge (2.66 mm) T .
Top Mounting Height.........cccooiviiininienreecen 31in. (787 mm)
Key Component — Line Posts (Nos. 3-27)
TYPE oreeeeeeee e ee e ee e W6x8.5 (152x12.6) . AR AR AR AR AR Ol\l/lcl)_\fjl(:eratg
LONGH . 721in. (1,829 mm) i 1_F;FE8: ;
ﬁ):t(:rri]gl: ................................................................. AS?&nAglggosrn;?g Maximum Interior Deformation..............coeevevvnrnrnnnns Y in. (13 mm)
Key Component — Wood Spacer Blocks e  Test Article Damage RS Extensive
DIMeNSIons ..........ooveevvverrvenneens 6 x 12 x 72 in. (152 x 305 x 1,829 mm) *  Maximum Test Article Deflections L
Key Component — MGS End Anchorage PDerman_ent Set32ﬁ26 ft6—66A; |né 538.1 n(l))
BCT Post Dimensions 5% x 7 % x 46 in. (140 x 191 x 1,168 mm) YMAMIC oo S 'n'(*g ; m)
BCT POSt Material .........c.ccccvvrmrsioerrscccrerscceessne SYP Grade 1 Working W'dth---"--------------"---"-"""-"""("1%2ﬂﬁ‘46i-g '?3- ggg)’}]))) (\SZﬁE;'I‘:))
Foundation Tub DIMensions ................ 5 O X8X 1’352*97,?,,'2)- e Impact Severity (IS)........131.3 kip-ft (178.0 kd) > 106 kip-ft (144 kJ) MASH limit
Foundation Tube Material..............cc.ccoorrverrernnnnes ASTM AS53 Grade B ¢ Transducer Data s
Strut and Yoke Assembly........c.ccooevieieininennen ASTM A36 Galvanized i itari ransaucer imi
SOI TYPE covvvvvevverseeeses s Coarse Crushed Limestone Evaluation Critefia EPSRZ-? ng§4 DTslf's-éCE MAS<I-;(I)_|m|t
Vehicle Make /Model .............cccocoevininnnnne 2007 Dodge Ram 1500 Quad Cab itudi L. L —La =
QU LTI P OlV | tongitudinal | (465) | (4d6) |  (4aa) (122)
Test Inertial . .5,002 Ib (2,269 kg) (mis) | Lateral -1485 | -14.83 -15.13 <40
GIOSS SEALIC ... ovveeeoeeeeeeeeeeee oo 5,172 Ib (2,346 kg) (-4.53) | (-4.52) (-4.61) (12.2)
|mpact Conditions ORA LOngltUdlnal -8.13 -7.48 -8.01 <20.49
SPEEU ...veooveeeereeee e 63.0 mph (101.4 km/h) g’s | Lateral -6.25 -6.91 -6.31 <2049
ANgle (VENICIE C.0.) c.ucviericiiiciee s 26.4 de 20.07 19.74 :
Angle Evehicle or?e)ntation) ........................................................ 25.8 deg THIV —Tts (mfs) NIA (6.12) (6.02) Not required
Impact Location ............cccc.e.... 1in. (25 mm) upstream from post no. 24 PHD —g’s N/A 9.36 9.50 Not required
Exit Conditions ASI (MASH) 0.53 0.53 0.54 Not required
Speed ..o .43.5 mph (70.0 km/h) Roll Angle — degree N/A 5.8 10.2 75
ANngle (VENICIE C.0.) ..o 4.2 deg Pitch Angle — degree N/A 3.0 4.5 75
Angle (vehicle orientation)..............cocooviiiiniis -6.5 deg Yaw Angle - degree N/A -62.7 -62.5 Not required
Vehicle Stability .........ocveviiiiiii Satisfactory ) Downstream W-beam rotated backward almost 90 degrees.
Vehicle Stopping Distance.............cccccco..... 232 ft—1in. (70.7 m) downstream ) Maximum vehicle penetration behind traffic-side face of rail at end post.

5 ft — 3 in. (1.6 m) laterally behind

Figure 129. Summary of Test Results and Sequential Photographs, Test No. WIDA-1
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Figure 130. Additional Sequential Photographs, Test No. WIDA-1
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Figure 131. Additional Sequential Photographs, Test No. WIDA-1
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718 sec.
Figure 132. Additional Sequential Photographs, Test No. WIDA-1
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Figure 133. Documentary Photographs, Test No. WIDA-1
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Figure 134. Impact Location, Test No. WIDA-1
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Figure 135. Vehicle Final Position and Trajectory Marks, Test No. WIDA-1
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Figure 136. System Damage, Test No. WIDA-1
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Figure 137. Rail Slot Tearing at Post Nos. 24 and , Test No. WIDA-1
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Figure 138. Details of Rail Damage, Test No. WIDA-1
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21 through 24, Test No. WIDA-1

Figure 139. System Damage at Post Nos.
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Figure 141. Anchor Cable Damage, Test No. WIDA-1
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Figure 142. Vehicle Damage, Test No. WIDA-1
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Figure 143. Vehicle Damage, Test No. WIDA-1
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Figure 144. Undercarriage and Suspension Damage, Test No. WIDA-1
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14 FULL-SCALE CRASH TEST NO. WIDA-2

14.1 Static Soil Test

Before full-scale crash test no. WIDA-2 was conducted, the strength of the foundation
soil was evaluated with a static test, as described in MASH. The static soil test results, as shown
in Appendix F, demonstrated that a soil resistance above the baseline test limits was available.
Thus, the soil provided adequate strength, and full-scale crash testing was conducted on the
barrier system.
14.2 Test No. WIDA-2

The 2,619-1b (1,188-kg) small passenger car impacted the downstream MGS end
anchorage of a 32-in (813-mm) high MGS barrier at a speed of 62.0 mph (99.8 km/h) and at an
angle of 25.5 degrees. A summary of the test results and sequential photographs are shown in
Figure 145. Additional sequential photographs are shown in Figures 146 through 148.
Documentary photographs of the crash test are shown in Figure 149,
14.3 Weather Conditions

Test no. WIDA-2 was conducted on June 5, 2012 at approximately 2:00 pm. The weather
conditions as per the National Oceanic and Atmospheric Administration (station 14939/LNK)

were documented and are shown in Table 15 [41].

Table 15. Weather Conditions, Test No. WIDA-2

Temperature 85° F

Humidity 36 %

Wind Speed 0 mph

Wind Direction 0° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.0 in.

Previous 7-Day Precipitation 0.07 in.
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14.4 Test Description

Initial vehicle impact was to occur at the midspan between post nos. 27 and 28, as shown
in Figure 150, which was selected using LS-DYNA analysis to maximize the probability of
wheel snag on the cable anchor, as described in section 9.1.1. The actual point of impact was 4
in. (102 mm) upstream from the midspan between post nos. 27 and 28, or near the midspan
between the second and third posts upstream from the downstream end of the barrier. A
sequential description of the impact events is contained in Table 16. The vehicle came to rest
with its front end facing the downstream anchor at 77 ft (23.5 m) downstream from initial impact
point and 27 ft — 11 in. (8.5 m) laterally behind the traffic-side face of the guardrail. The vehicle

trajectory and final position are shown in Figures 145 and 151.

Table 16. Sequential Description of Impact Events, Test No. WIDA-2

TIME EVENT
(sec)
0 Initial impact occurred 4 in. (102 mm) upstream from midspan between post nos.

27 and 28.

0.004 Post no. 28 deflected backward.

0.012 Vehicle hood crushed and bent at impacting corner.

0.018 Post no. 29 deflected upstream.

0.042 Right-front fender underrode rail between post nos. 28 and 29.

0.05 Right-front tire contacted post no. 28, which fractured.

0.074 Front bumper contacted post no. 29.

0.084 Guardrail between post nos. 26 and 27 bent backward.

0.098 Guardrail between post nos. 28 and 29 flattened.

0.110 Vehicle pitched downward.

0.112 Vehicle windshield detached from vehicle frame.

0.114 Vehicle rolled toward barrier.

0.126 Vehicle hood overrode guardrail end terminal, and post nos. 22 through 27
deflected upstream.

0.14 Post nos. 28 and 29 rose into air.

0.146 Bearing plate contacted vehicle’s front end.
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0.154 Left-rear tire was airborne.

0.160 Bearing plate lost contact with vehicle at right-front quarter panel.

0.162 Guardrail rotated backward.

0.164 Guardrail twisted 180 degrees.

0.216 Right-rear wheel rose into air.

0.248 Vehicle exited system at speed of 32.2 mph (51.8 km/h) and angle of 15.9 degrees.

0.356 Left-front wheel rose into air.

0.358 Guardrail at post no. 27 buckled.

0.436 Vehicle yawed toward system.

0.512 Right-rear tire contacted ground level.

0.594 Left-rear tire re-contacted ground.

14.5 Barrier Damage

Damage to the barrier was extensive, as shown in Figures 152 through 156. Barrier
damage consisted of deformed W-beam rail and guardrail posts, disengaged rail and wood
blockouts, contact marks on posts and guardrail, and fractured end anchorage BCT posts. The
length of vehicle contact along the barrier, which spanned from the actual impact point, was
approximately 12 ft — 5 in. (3.8 m), at 4 in. (102 mm) upstream from the midspan between post
nos. 27 and 28, to 5 in. (127 mm) upstream from the end of the guardrail.

Kinks in the top corrugation of the rail were found between post nos. 28 and 29, as shown
in Figures 152 through 156. Flattening of the bottom corrugation of rail started at 4 in. (102 mm)
upstream from post no. 28 and extended through 6 in. (152 mm) upstream from post no. 29. The
bolt pulled through the W-beam rail slots at the post connections between post nos. 27 and 29, as
shown in Figure 153. The W-beam rail buckled at post no. 27, and plastic deformation occurred
on the top side of the W-beam rail slot at post nos. 27 through 29, as shown in Figure 154. The
upper-front corner of the wood blockout at post no. 27 was fractured off and a 3-in (10-mm) gap

formed between the blockout and the front flange of the post. A %-in. (13-mm) soil gap formed
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in front of post no. 27, as shown in Figure 155. Post no. 28 fractured into three pieces beginning
at the bolt connection to the rail through the ground line. Post no. 29 fractured at the ground line.

The swage connector between the downstream anchor cable and the corresponding
bearing plate was bent, and the metal sleeve through which the cable passed was deformed, as
shown in Figure 156. The ground strut connecting the foundation tubes of post nos. 28 and 29
had contact marks, and the foundation tube of post no. 28 was bent backward.

The separation between the W-beam sections and the slippage of the connection bolts
were measured for the five most downstream splice joints. The maximum separation between the
W-beam sections was %2 in. (13 mm) long and occurred at the splice connections between post
nos. 20 and 21. A 3%-in. (10-mm) long separation occurred at the splice connection between post
nos. 22 and 23, while the two splices between post nos. 25 and 28 were separated % in. (6 mm)
longitudinally. A minimum separation of % in. (3 mm) was measured for the splice connection
between post nos. 24 and 25. A summary of the splice separation together with details of the
slippage for each of the splice bolts is provided in Appendix G.

The permanent set of the rail and post was 9 ft — 6% in. (2.9 m) at post no. 29 and 2 in.
(51 mm) at post no. 27, respectively, as measured in the field. The maximum rail and post
dynamic deflection was 12 ft — 3.3 in. (3.7 m) at the downstream end of the W-beam rail and 14
in. (356 mm) at post no. 28, respectively, as determined from high-speed digital video analysis.
The working width of the system coincided with the lateral dynamic barrier deflection, which
was 12 ft — 3.3 in. (3.7 m). It should be noted that the values for the permanent set and dynamic
deflection of the barrier were calculated based on the farthest position of the buffer end after the
W-beam rail, which disengaged from post nos. 28 and 29, rotated backward almost 90 degrees
around post no. 27 where the initial impact point occurred. No vehicle working width data was

collected from the vehicle, because the terminal gated and the vehicle was not redirected.
206



October 28, 2013
MwRSF Report No. TRP-03-279-13

14.6 Vehicle Damage

The damage to the vehicle was extensive, as shown in Figures 157 through 161. The
maximum occupant compartment deformations are listed in Table 17 along with the deformation
limits established in MASH for various areas of the occupant compartment. Note that none of the
MASH established deformation limits were violated. Complete occupant compartment and

vehicle deformations and the corresponding locations are provided in Appendix H.

Table 17. Maximum Occupant Compartment Deformations by Location, Test No. WIDA-2

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 1 (25) <9 (229)
Floor Pan & Transmission Tunnel Y2 (13) <12 (305)
Side Front Panel (in Front of A-Pillar) Ya (6) <12 (305)
Side Door (Above Seat) Y2 (13) <9 (229)
Side Door (Below Seat) Y2 (13) <12 (305)
Roof 0 <4 (102)
Windshield Y2 (13) <3 (76)

The majority of the damage was concentrated on the vehicle’s front end, including both
the left-front and right-front quarter panels due to contact with the barrier posts, rail, and the
bearing plate attached to end of the cable anchor. The front end crushed inward, with a
consequent deformation of the left-front and right-front fenders. The front bumper was
completely detached, and the supporting bracket plate behind the bumper was dented. The left-
side headlight assembly was partially disengaged. The radiator grill and right-side headlight
assembly were disengaged from the vehicle. The radiator crushed back to the engine

compartment and was partially twisted. The engine deformed backwards. The hood disconnected
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and was located against the vehicle’s left-front fender with its front crushed in and the right
corner deformed beneath below.

The left-front fender crushed inward, and a 1-in. (25-mm) separation was found between
the left-front door and the back of the fender. The right-front fender crushed inward and back
with a tear above the wheel well. Contact marks, denting, and scraping were observed on the
right side of the vehicle. The right-front tire was partially de-beaded, and the internal-side rim
was bent. The lower control arm of the right-front suspension disengaged.

The windshield, which separated from the vehicle in the early stage of the crash test, was
located downstream from the vehicle and encountered spider-web cracks. The windshield sealing
tape running around the vehicle frame had several irregularities, which indicated that a post-
factory windshield installation was made with poor quality. In particular, the presence of dirt
surrounding the sealing tape connection with the upper part of the windshield indicated that the
glue did not adhere properly. The roof and remaining window glass remained undamaged. A
dent was located at the center of the right A-pillar. Traces of yellow paint used to identify the
bearing plate in the high-speed videos were found on the front bumper supporting rail, the engine
alternator, the lower-right corner of the right-front suspension, and the right-front quarter panel,
as shown in Figures 161 and 162.

14.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
18. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The
calculated THIV, PHD, and ASI values are also shown in Table 18. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 129. The

recorded data from the accelerometers and the rate transducers are shown graphically in
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Appendix I. Due to technical difficulties, the DTS unit did not collect angular data from the rate

transducer, but the DTS did collect acceleration data.

Table 18. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. WIDA-2

Evaluation Criteri Transducer MASH
valuation Criteria -
EDR-3 DTS DTS-SLICE Limits
I -37.06 -34.89 -36.56
oty | Longitudinal | 1y 30) | (1063) | (1114 | 5400122
ft/s (m/s) -15.22 -15.64 -14.46
Lateral (-4.64) (-4.77) (-4.41) <40 (12.2)
ORA Longitudinal -14.87 -14.89 -14.77 <20.49
g’s Lateral 413 -4.53 5.32 <20.49
THIV 42.24 .
fi/s (mis) NA NA (12.87) not required
Pg|_,ISD NA NA 11.48 not required
ASI 1.34 1.29 1.31 not required

14.8 Discussion

The analysis of the test results for test no. WIDA-2 showed that the non-proprietary,
downstream end anchor system (i.e., trailing-end terminal) did not adversely affect the stability
of the 1100C vehicle. There were no detached elements nor fragments which showed potential
for penetrating the occupant compartment nor presented undue hazard to other traffic.
Deformations of, or intrusions into, the occupant compartment that could have caused serious
injury did not occur. The test vehicle did not penetrate nor ride over the barrier and remained
upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, as
shown in Appendix |, were deemed acceptable because they did not adversely influence

occupant risk safety criteria nor cause rollover. Therefore, test no. WIDA-2 was determined to be
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acceptable according to the MASH safety performance criteria for modified test designation no.

3-37.
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Date .o
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Test Article .MGS with MGS End Anchorage
Total LeNgth ......cooveeiiiieiiiiee e 181 ft—3in. (55.3 m)
Key Component — W-Beam Rail
ThIiCKNESS ... 12 gauge (2.66 mm)
Top Mounting Height..........ccooviiiiiiicinnicees 32in. (813 mm)
Key Component — Line Posts (Nos. 3-27)
TYPE ettt W6x8.5 (152x12.6)
Length... ..72in. (1,829 mm)
Spacing ... ..75in. (1,905 mm)
Material.........cccoeiriiieiine e ASTM A992 or A36
Key Component — Wood Spacer Blocks
Dimensions .........cccoeceeenneicecnn. 6 x 12 x 72 in. (152 x 305 x 1,829 mm)
Key Component — MGS End Anchorage
BCT Post Dimensions......... 5% x7%x46in. (140 x 191 x 1,168 mm)
BCT Post Material ... SYP Grade 1
Foundation Tube Dimensions .............cccccoveeeuenn. 6 X 8x 316 x 72in.
(152 x 203 x 5 x 1,829 mm)
Foundation Tube Material..............c.cccoovvvrncinnnn. ASTM A53 Grade B
Strut and Yoke Assembly.. ASTM A36 Galvanized
SOIl TYPE .o Coarse Crushed Limestone

Vehicle Make /Model ... 2006 Kia Rio
Curb ..o, .2,491 1b (1,130 kg)
Test Inertial .. .2,449 Ib (1,111 kg)
GrOSS SEALIC. ....vveveeiieeicicece s 2,619 Ib (1,188 kg)

Impact Conditions
SPEEA . 62.0 mph (99.8 km/h)
ANGlEe (VENICIE C.0.) cvevieveiiiiiiieree e 25.5 deg
Angle (vehicle orientation)............ccccovveiiennncinncee 21.2 deg

Impact Location 4 in. (102 mm) US of midspan btwn post nos. 27 & 28
Exit Conditions

SPEEA . 32.2 mph (51.8 km/h)
ANGIE (VENICIE C.0.) cveuiieeiiirieirie e 15.9 deg
Angle (vehicle orientation)............ccceovreiiernncneeee 28.0 deg

“W-beam rotated backward almost 90 degrees. Vehicle was not redirected.

Figure 145. Summary of Test Results and Sequential Photographs, Test No. WIDA-2
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e Vehicle Stopping Distance...........cccccevvviiiinicccninnnnns 77 ft (23.5 m) downstream
27 ft— 11 in. (8.5 m) laterally behind
o VENiCIE DAMAGE. .......cveviiiiieiiiieec e Extensive
VDSFI...
CDCHL e
Maximum Interior Deformation.............cccccovrvveiioinncccinnnnnn 1in. (25 mm)
. Test Article DaMAgE .......cucueiriiiiiiiiercei ettt Extensive
. Maximum Test Article Deflections
Permanent Set..........ccoeviiiiiiici 9 ft—6%in. (29 m)
DYNAMIC .o 12ft-3.3in. 3.7m)
Working Width .. 12 ft-3.3in. 3.7 m)®
. Impact Severity (1S)............ 58.3 kip-ft (79.0 kJ) > 51 kip-ft (69.7 kJ) MASH limit
e Transducer Data
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- -37.06 -34.89 -36.56 <40
o Longitudinal |~ 41350 | (1063) | (-11.14) (122)
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(m/s) | Lateral (-4.68) | (477 (-4.41) (122) 2
ORA | Longitudinal -14.87 -14.89 -14.77 <20.49 a
g’s | Lateral 413 -4.53 5.32 <2049 ;
42.24 - 0]
THIV — ft/s (m/s) N/A N/A (12.87) Not required __8‘
PHD —g’s N/A N/A 11.48 Not required >
ASI 1.34 1.29 1.31 Not required °©
Roll Angle — degree N/A N/A 10.5 75 5'
Pitch Angle — degree N/A N/A -7.4 75 o
Yaw Angle - degree N/A N/A 33.1 N/A S
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0.436 sec

Figure 146. Additional Sequential Photographs, Test No. WIDA-2
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0.912 sec 0.690 sec

Figure 147. Additional Sequential Photographs, Test No. WIDA-2
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0.282 sec
Figure 148. Additional Sequential Photographs, Test No. WIDA-2
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Figure 149. Documentary Photographs, Test No. WIDA-2
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Figure 150. Impact Location, Test No. WIDA-2
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Figure 151. Vehicle Final Position and Trajectory Marks, Test No. WIDA-2
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Figure 154. Rail Damage, Test No. WIDA-2
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Figure 155. System Damage at Post Nos. 25 through 29, Test No. WIDA-2
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Figure 156. Anchor Cable Damage, Test No. WIDA-2
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Figure 157. Vehicle Damage, Test No. WIDA-2
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Figure 158. Vehicle Damage, Test No. WIDA-2
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Figure 159. Vehicle Damage - Windshield Glue Strip, Test No. WIDA-2
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‘Windshield, Test No. WIDA-2

Figure 160. Vehicle Damage

=
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Figure 161. Vehicle Undercarriage Damage, Test No. WIDA-2

€T-6.2-€0-dd.L "'ON Hoday 4SHMI

€702 '8¢ 130010



October 28, 2013
MwRSF Report No. TRP-03-279-13

|
i

MiYAY

gﬂﬁ%ﬁﬁj AY
AA./A// f/,/, A

Figure 162. Traces of Bearing Plate Motion Path along Vehicle’s Front End, Test No. WIDA-2
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15 ANALYSIS AND DISCUSSION

During test no. WIDA-2, the 1100C vehicle experienced substantial snag on the
downstream end anchorage, which lead to a longitudinal OIV value close to the maximum
MASH acceptable limit. The peak longitudinal deceleration measured at the vehicle’s c.g.
occurred when the vehicle’s front end contacted the bearing plate. This chapter provides an
analysis of the potential causes for this vehicle snag.

As indicated by an analysis of the high-speed videos, the bearing plate slid along the
right-front end of the vehicle and then onto the side of the right-front quarter panel. Eventually,
the bearing plate lost contact with the vehicle after tearing the sheet metal of the right-front
quarter panel above the right-front wheel well. Further, traces of the yellow-colored paint used to
identify the bearing plate were found along the motion path of the plate while contacting vehicle
components, such as the front bumper supporting rail, the radiator, the engine alternator, and the
sheet metal of the right-front quarter panel, as shown in Figure 162. Due to the debris and dust
that were covering the view of the high-speed video cameras, it was not always possible to
clearly identify the location of the anchor cable when the right-front wheel was passing in close
proximity to the cable during the impact event. In particular, it was not possible to directly
determine whether the cable anchor slid onto the inner side of the impacting tire. Nevertheless,
indirect evidence that the cable moved to the inner side of the tire is provided by the analysis of
some events occurring immediately before or after the time during which the cable anchor was
not visible in the high-speed videos. A description of this indirect evidence is provided in the
following paragraphs.

Inspection of video, barrier damage, and vehicle damage indicated that the impacting tire
slid under the anchor cable. This evidence was provided by the sudden rotation of the end wood

post after it fractured at its base as a consequence of a direct impact with the vehicle’s front
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bumper. Although the end post was already tilted more than 45 degrees with respect to its initial
vertical configuration, it abruptly began to rotate as a consequence of a pull force applied by the
bearing plate, which was still in contact with the fractured post base. The sequence of this
rotation event is shown in Figure 163. The sudden tensioning of the anchor cable indicated that
the right-front tire wedged under the cable. Further, the wedging under the cable anchor may
have been facilitated by a preexisting outward tilt angle of the wheel after it snagged on the
previous BCT wood post. In fact, a post-impact investigation showed a large deformation of the
external side of the right-front rim, thus indicating considerable snag occurred on the wood post
immediately upstream from the end post. This first snag event may have been the cause for the
disengagement of the lower suspension arm from the vehicle frame. As a consequence of the

damage to the corresponding suspension, the right-front wheel may have been deformed toward

the barrier prior to impact with the second BCT post and anchor cable.

_ b
Figure 163. Spinning of Downstream Anchor End Post, Test No. WIDA-2

Further, evidence suggests that after initially sliding on the top of the wheel, the cable
likely slid on the inner side of the tire. In fact, had the cable been in contact with the outer side of
the wheel, it would have been immediately pushed backward, and the bearing plate would have

been unable to contact the vehicle’s front end and right-front side.
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16 DESIGN GUIDELINES FOR MGS DOWNSTREAM END ANCHORAGE

LS-DYNA computer simulations were conducted for impacts occurring downstream
from the identified end of the LON (i.e., the sixth post from the downstream end of the rail)
using the 2270P pickup truck. These runs indicated that the post impact trajectory would be
largely parallel with the barrier, and larger lateral vehicle penetrations would be expected for
impacts occurring into the remaining downstream segment of the barrier and trailing-end
terminal. For those cases where the vehicle would be allowed to safely travel behind the barrier
within the clear zone located downstream from the end post, it would still be possible to shield
hazards located farther behind the guardrail if larger system deflections and vehicle penetrations
were allowed. As such, guidelines were proposed for shielding hazards located in close
proximity to the crashworthy MGS downstream end anchorage system.

The comparison between simulated and actual vehicle kinematics during full-scale
vehicle crash test no. WIDA-1 indicated that the numerical model can reasonably replicate an
impact in close proximity to the tested, non-proprietary, MGS downstream anchorage system
with the 2270P pickup truck. A comparison of the simulated and actual kinematics during test
no. WIDA 1 is shown in Figures 164 and 165. A comparison of simulated and actual maximum
penetration of the pickup truck at each post location is shown in Figure 166.

Actual and simulated dynamic deflections of the 2270P pickup impacting the 181 ft — 3
in. (55.3 m) long MGS at approximately 62.1 mph (100 km/h) and 25 degrees were used to
develop placement guidelines for shielding hazards located in close proximity to the downstream
end of a 31-in. (787-mm) tall barrier. These guidelines were based on the predicted maximum
penetration of the 2270P vehicle at each post location utilizing various initial impact points along
the MGS and the downstream anchorage system obtained from the simulation and full-scale

crash test.
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Figure 164. Redirection of 2270P at Identified End of LON
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Figure 165. Redirection of 2270P at Identified End of LON
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Figure 166. Predicted and Actual Maximum Penetration of 2270P in Test No. WIDA-1
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The maximum lateral pickup truck penetration predicted at each post location
downstream of simulated initial impact points varying between the second and the ninth posts
from the downstream end anchor post are tabulated in Table 19. The vehicle penetration values

measured from the high-speed videos of test no. WIDA-1 are also shown in Table 19.

Table 19. Maximum Lateral Vehicle Displacement of 2270P for Simulated Impact Scenarios
and Test no. WIDA-1

Maximum Lateral VVehicle Displacement (in.)
Post Number Increasing from Downstream End of Rail
1St 2nd 3rd 4th 5th 6th 7th 8th

2" 34 0

2"+ 145 span 52 20

2"+ ¥ span | 58 27
3 71 38 0
4th 98 73 41

(98) (71) (44)
124 95 71 45

=
S
g
=
[@]
(|
£
€ 2=
§ET (103) | (81) | (60) | (43)
S22 6" @ 93 85 74 | 63 | 43
8 g% End ?hf(gON (113) | (99) | (83) | (89) | (45)
£ S L 6
= 2" et wiDA | 124 | 106 | 87 65 | 37
8 Sth 22 37 43 56 61 | 43
£ ©) (29) | (47) | (61) | (62) | (44)
> gth 0 0 21 40 53 | 57 | 45
3 (NA®) | (NA®) | (24) | (41) | (53) | (57) | (46)
o gth 0 0 0 19 39 | 52 | 56 | 45

() ) (0) [ (18) | (35) | (49) | (55) | (45)
@ Values in parentheses indicate case with suspension failure (for impacts between the 9™ and 4™ post
from downstream)

@ End of LON

®) Simulation terminated due to numerical instabilities

Simulations predicted vehicular redirection for all impacts occurring upstream from the
sixth post from the downstream end of the rail. For impacts occurring at the ninth, eighth, and
seventh posts upstream from the downstream end of the rail, the maximum vehicle dynamic

deflections occurred two spans downstream from the corresponding initial impact point and were
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56 in., 57 in., and 61 in. (1,422 mm, 1,448 mm, and 1,549 mm), respectively. These values are
consistent with a maximum MGS working width of about 60 in. (1,524 mm), as evaluated from
previous full-scale crash tests. As such, a conservative safe distance of 60 in. (1,524 mm) was
proposed for locations upstream from the fifth post away from the downstream end of the rail.
However, it should be noted that some decreased adjustment in the proposed minimum required
working width of 60 in. (1,524 mm) could be made for locations upstream from the seventh post
from the downstream end of the rail. Of course, the reduced working width should be determined
by the results observed in a crash testing program for specific variations of the 31-in. (787-mm)
tall MGS.

For an impact at the sixth post from the downstream end of the rail, the simulated
maximum vehicle penetration was similar to the full-scale crash test for the first two spans after
the initial contact (i.e., until the fourth post from the end of the simulated rail). Beyond that
point, the simulation underestimated the actual measured vehicle penetration. The penetration
curve derived from the full-scale crash test was considered for post locations at or downstream
from the fourth post from the downstream end of the rail, with a maximum penetration of 65 in.,
87 in., 106 in., and 125 in. (1,651 mm, 2,210 mm, 2,692 mm, and 3175 mm), at the fourth, third,
second, and end posts, respectively.

The proposed guidelines for shielding hazards located in close proximity to the
downstream end of a 31-in. (787-mm) tall barrier when using the crashworthy MGS downstream
anchorage system are shown in Figure 167. Assuming a full-gating condition as a worst-case
scenario for an impact at or downstream from the fifth post from the downstream end of the rail,
the corresponding penetration curve would be a straight line at an angle of 25 degrees with
respect to the horizontal axis. Although a full-gating scenario is very improbable for an initial

impact at the fifth post from the downstream end of the rail, this new penetration curve would
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intersect the boundary previously considered for safe hazard placement at the second post from
the downstream end of the rail. Thus, this curve of a hypothetical full-gate penetration could be
considered downstream of the second post from the downstream end of the rail in case of a

highly dangerous hazard, such as a tree or a pillar.
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17 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Component tests were conducted on critical components of the non-proprietary trailing-
end anchorage system (MGS end anchorage). Test nos. BCTRS-1 and BCTRS-2 consisted of an
eccentric bogie impact with a BCT post installed in a rigid sleeve to measure BCT post splitting
energies and loads. Loads and energies for the tests were 7.4 kip (32.9 kN) and 19.0 kip-in. (2.1
kJ) for test no. BCTRS-1, versus 3.1 kip (14 kN) and 26.0 Kkip-in. (2.9 kJ) for test no. BCTRS-2.
Test no. MGSEA-1 utilized a bogie weighing 4,753 Ib (2,156 kg) and traveling at approximately
16 mph (26 km/h) to pull a soil foundation tube downstream. The peak displacement recorded in
the test was 6.5 in. (165 mm), and the maximum load recorded was 43.4 kips (193 kN). These
two tests were used to calibrate computer simulation models of end anchorage components.
Lastly, a component test of the entire end anchorage assembly was conducted by attaching a pull
cable to a section of W-beam guardrail attached to a steel post with blockout and the MGS end
anchorage system. The 4,780-1b (2,168-kg) bogie vehicle was accelerated to 25 mph (40 km/h)
and used to pull the end anchorage to fracture. The dynamic capacity of the end anchorage
system was 35 Kkip (156 kN), measured by a tension load cell in the BCT anchor cable.

A non-proprietary, downstream end anchorage system for 31-in. (787-mm) tall guardrail
was crash tested and evaluated according to the MASH impact safety standards. The anchorage
was an adaptation of the original modified BCT anchor system but installed tangent. It consisted
of two BCT timber posts set into 6-in. wide x 8-in. deep x 72-in. long (152-mm x 203-mm x
1,829-mm), steel foundation tubes. The two steel foundation tubes were connected at the ground
line through a strut and yoke assembly. A %-in. (19-mm) diameter 6x19 wire rope connected the
back of the W-beam to the bottom of the end post. Two full-scale crash tests were performed on
the system under MASH modified designation no. 3-37. Test no. WIDA-1 was conducted with a

5,172-1b (2,346-kg) pickup truck to identify the end of the LON, while test no. WIDA-2 was
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conducted with a 2,619-Ib (1,188-kg) small passenger car to assess any potential vehicle
instability. Both tests were performed at a targeted initial impact speed and angle of 62 mph (100
km/h) and 25 degrees, respectively. The top-rail mounting height was 31 in. (787 mm) and 32 in.
(813 mm) for test nos. WIDA-1 and WIDA-2, respectively.

Both test nos. WIDA-1 and WIDA-2 satisfied the crash test criteria set for by MASH for
a modified test designation no. 3-37, as summarized in Table 20. Test no. WIDA-1 indicated that
the 2270P pickup truck was completely redirected for an initial impact occurring at the sixth post
from the non-proprietary, downstream MGS end anchorage system. Test no. WIDA-2 with the
1100C small passenger car indicated that, although considerable snag occurred, occupant risk
values and vehicle stability were within the MASH acceptable limits.

Researchers believe that there may be some combination of vehicle front-end geometries,
slack anchor cables, and rail heights which could culminate in a higher risk of snagging than
what was observed in test no. WIDA-2 as well as in the simulations. In the event that a vehicle
becomes snagged on the anchor cable, occupant risk criteria may be exceeded, or the vehicle
may become unstable. However, the likelihood of a vehicle interacting with a downstream MGS
end anchorage system with the necessary combination of high speed, high angle, susceptible
front-end profile, and cable geometry necessary to cause snag, which was not observed in the
crash test, is relatively low. In addition, there is currently no supporting research to assert that
excessively slack anchor cables increase the risk for vehicle snag. However, it is recommended
that excessive anchor cable slack be removed to facilitate the development of optimal tension in
the rail and to reduce an opportunity for anchor cable snag behind an impacting vehicle’s wheel.

Numerical simulations indicated that a simple-support connection between the W-beam
rail and the end post would increase the penetration of the cable anchor into the wheel well.

Thus, this type of connection is not recommended. Future design improvements should consider
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either shielding the anchor cable from the tire of the impacting vehicle or allowing the bearing
plate to promptly release after the end post fractures. The latter option would eliminate the
potential for the vehicle’s front end to become being entangled with the cable once it is free to
move upon fracture of the end post.

In addition, guardrail placement guidelines were proposed for safely shielding hazards
located behind the downstream segment of a 31-in. (787-mm) tall MGS attached to the

crashworthy MGS downstream end anchorage or trailing-end terminal.
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Table 20. Results Summary of Safety Performance Evaluations

Evaluation Evaluation Criteria Test No. Test No.
Factors WIDA-1 | WIDA-2
Structural | C.  Acceptable test article performance may be by redirection, controlled penetration, S S
Adequacy or controlled stopping of the vehicle.
D. Detached elements, fragments or other debris from the test article should not
penetrate or show potential for penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or personnel in a work zone. S S
Deformations of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH.
F.  The vehicle should remain upright during and after collision. The maximum roll s s
and pitch angles are not to exceed 75 degrees.
H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH for
calculation procedure) should satisfy the following limits:
Occupant
Risk Occupant Impact Velocity Limits S S
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
. The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits S S
Component Preferred Maximum
Longitudinal and Lateral 15.0g’s 20.49 g’s
Vehicle . . . S
. N. Vehicle trajectory behind the test article is acceptable. S S
Trajectory
. . Modified | Modified
MASH Test Designation 3.37 3.37
Pass/Fail Pass Pass

S — Satisfactory

U — Unsatisfactory ~ NA - Not Applicable
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Appendix A. State DOT’s Plans and/or Design Details for Downstream End Anchorages
Drawings of trailing-end terminals that have been adopted by the members of the
Midwest States Pooled Fund Program as well as the states of California, New York, and Texas

are included herein.
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REVISIONS: New. Raplaces RE-33A.

Mwmw DESIGN METHODS ENGINEER.

STEEL BEAM GUARDRAIL
W-BEAM END ANCHOR

Figure A-3. lowa DOT Terminal BA-203

€1-6/2-€0-dY.L 'ON Moday 4SHMA

€702 '8¢ 1990100



144

-Anchor
Braokat
Thrie-Baam
Sleeve Wood Post and
Fips Terminal / ﬁ/ Blociout \EE

ical
st TRAFFIC Section

(128"} (6-37

PLAN

When attaching anchor to thrie beam,
replace Asymetrical Transition with 6.3 feet
of thrie beam.
ELEVATION
I+ dia. Hole
6 8"
rE e P

g -
Ly 47
T x 21" Siotted Hole %
I da. —
Holes __| 50"
153y 113
215 5
o xe il T dia. Hole [P 2§ dia. Hole
12l
L 3.1 —}_ r
Front Side Front Side
FOUNDATION TUBE BCT WOOD POST

(@ Siotted holes 22" x 13~ long.
(@ Refer to BA-200.

@ Cover entire face of tenminal section with altemnating black
and yellow striped adhesive sheeting. Stripes shall be
approximately 3 inches in width and shall be sloped down
at an angle of 45 degrees toward the side on which traffic
Is to pass the end anchorage. Yellow stripes shall meet

—

: the retrorefiect uirsments for Type Ill or Typs IV
I dia. Holes ] reflective ,mu:gl. & LS
18"
1*Plate |
SOIL PLATE
Possible Contract ltem:

Steel Beam Guardrail End Anchor, Thrie-Beam

Materials included in the Contract Item:
/ {1) 126" Thrie-Beam rail section
Asymmetrical Transition Section
{3) 8" x 8" x 60" wood posts
= {1)6"x12"x 14%" blockout
30 {2) 6" x 12" x 19" blockout
BCT Wood Post

PLAN Rounded Thrie-Bearn End Section
Anchor Bracket Assembly

A i 1. Cable Assembly
73 & % Foundation Tube Assembly with Soil Plate
(Varles) Pipe Sleeve

Approved bolts, nuts, and washers

lowa Department
MD A of Transportation e e

REVISKONS: New. Repiacos RE-338.

D :
i D ’ STANDARD ROAD PLAN| BA-204
| [ o ]

SHEET 1of 1

ELEVATION

7 R

STEEL BEAM GUARDRAIL
THRIE-BEAM END ANCHOR

ROUNDED THRIE-BEAM END SECTION

Figure A-4. lowa DOT Terminal BA-204
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Kansas

1) MGS Type Il

255



Wood post inserted in steel tube. (See detail)
(No blockout required these posts)

fGround strut

PLAN

Traffic

Poy Length of *Steel Plate Guardraif”

6-3 __i

r

Ya" Steel plate~

Note to Designer: Use Guardrail End Terminal, Type II on the traffic departing end of barriers where end

on impacts are not a consideration and at the end of enfrance return.

N %" o Holes
(] _: g SR
top) e
L9 6 L |
2¢
SOIL_PLATE
g
S 75"
N
s ]
g 4 3
g * @ Holes NEN
o I s
_ 5
: s
g 25| 1
i
&3 T ses7
£ BCT (MGS) WOOD POST
ow

Sail plate

\Smdruba

s

_ELEVATION.

60

B8x6x0.1675

STEEL TUBE

L round e

Fasten pl
*/2x Z zinc plated screw similar
t:nge‘mlsmm on steel breckaway

===

Ye" Steel piate x I'x &
Tack welded to %" steel plate

jate to wood post with

L 16" @ Hole

BEARING PLATE

. (40,000 Ibs. min. breaking strength)

i _‘eme /C 6x8.2 6" Steel piate Tighten cable fo faut jensian
1\:];?05 } l'oI {»IH'

1 |

A sy A

‘ -

W [ oate FEVSOS 2250 |

1 " ———

6x8.2
== < e mwls”:m GUARDRAIL END TERMINAL
%X 2 Siatted hote T rail element (MGS) TYPE II

STANDARD END SECTION

GROUND STRUT
(Strut dimensions shown are fypical)

(1 each)
(Subsidiary to Steel Plate Guardrail)

I Dia. stud with nut, lockwasher and washer
/16" Bolt holes

lsuv: l PROJECT NO. |n:ulsocz1 W'P;OQHLJ

[rawsas] 1

GENERAL NOTE
Terminal end posts consist of @ wood post inserted info a steel fube see defails
on this sheet.
The steel soil fubes may be driven w:m an approved driving head. Set steel fube
and soil plate before installing wood Do not drive steel soil tubes

anchor post assembly.
with wood post in the tube. Backfill and satisfactorily compact around steel soil tubes
i il fube seitlement.

ion.

Lap guardrail splices, including terminal connector, in the direction of traffic.
Where traffic is temporarily carried in the opposite direction of final configuration,
lap rail splices in the direction of the permanent traffic.

All work and materials required for the installation of Barrier Terminal Type II
are mw%mm bid ifem “Steel Plate Guardrail.

Include Type minal in pay length of "Steel Plate Gwrdmf.

MODIFIED SECTION A-A

1* Nut, lockwasher, and washer
3 #(6x19) Galvanized cable

I 7 17’6
‘X T_y
Swage connected 3

I* Nut, lockwasher and washer =
CABLE ASSEMBLY (/ each )

T Cranhics CariTiled

Figure A-5. Kansas DOT Terminal MGS Type Il

€T-6.2-€0-dd.L "'ON Hoday 4SHMI

€702 ‘8¢ 1290100



Minnesota

1) Standard plate 8307R (Specification reference 2554)
a. Strut Anchorage
b. Buried Anchorage Assembly

2) Standard plate 8308R (Specification reference 2554)
a. Strut Anchorage

b. Buried Anchorage Assembly
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TERMINAL END 12t €.. TO C: END TREATMENT AS REQUIRED
DESIGN A
FLARED 6' 3" ) 6'3" 6'3" C. TO C.
END I DESIGN B
SECTION OVERLAP IN DIRECTION OF TRAFFIC
il I N o )
C!:.:' b "!:.:' !:‘:' | _ I:':' 5 L
= —f e = <
- _| 21" H
L L — ANCHORAGE ASSEMBLIES ARE ONLY TO BE USED IF NOT IN THE HFIREETTON
GROUND LINE AT FACE CLEAR ZONE OF THE OPPOSING TRAFFIC. IF IN THE CLEAR ZONE T
OF GUARDRAIL OF OPPOSING TRAFFIC, MUST USE CRASHWORTHY TERMINAL.
INSTALLATION
2'3-172" Z,
[ <
" ~
6" X B" X 14" OR TOE NAIL WITH . 6-1/4 —‘ [ o
10" X B" X 14" 12d GALVANIZED =} i
BLock (D COMMON NAIL g |
T 1 T
. ZSE'T- DIA. TOP VIEW
5 4-1/4"
: 1-3/4" 0.D. 2"
S g STEEL WASHER
= Y
= ~
B =
-l o
=) =
© 7
374" X 2-172"
v - 29/32" X 1-1/8" T
8" OR 10 SoT SLO
SAWED WOOD POST ELEEATLIGN
6" X 8" OR 10" X 10" W-BEAM FLARED END SECTION
LONG RAIL OVERLAP
L ]
[} @ | L
. o 5. NOTES:
@ @ SEE CHAPTER 10 IN THE ROAD DESIGN MANUAL FOR END
o | | — SPLICE TREATMENT INFORMATION.
BOLT STEEL PLATE BEAM GUARDRAIL, TERMINAL SECTION,
[3) [Tl SLOT RAIL SPLICE, SPLICE BOLT SHAPES AND DIMENSIONS
| SHALL CONFORM TO AASHTO M-180. ALL GUARDRAIL
Q: @: SHALL BE 12 GAGE.
! ! GUARDRAIL INSTALLED ON CURVES WITH RADIUS OF 150 FT.
CLOSED DIRECTION OR LESS SHALL HAVE RAIL ELEMENTS SHOP CURVED.
OF TRAFFIC USE THE SAME TYPE OF POST THROUGHOUT, ON NEW
SHORT RAIL OVERLAP INSTALLATIONS.
WHEN RAIL SECTIONS USED FOR AN INSTALLATION ARE
. : 12' 6" LONG, CENTER THE 8 SPLICE BOLTS ON TOP OF
o) o1 EACH OTHER (OR 1/2 APART AND 1/2 CLOSED ). SEE
l Y 3 | l DEFINITION OF APART AND CLOSED SPLICES.
o) O, WHEN 25 FT. LONG RAIL SECTIONS ARE USED FOR AN
T INSTALLATION, SET THE 8 SPLICE BOLTS ACCORDING TO
oD | | —— SPLICE THE AIR TEMPERATURE AS FOLLOWS:
. _ BoLT BELOW 10° F.- SET 3/4 OF THE SPLICES APART AND
o) R mll SLOT 1/4 CLOSED.
| 10° F. TO 95° F. - CENTER THE SPLICE BOLT SLOTS OR
(o) D SET 1/2 OF THE SPLICES APART AND
f 1 1/2 CLOSED.
ABOVE 95° F. - SET 174 OF THE SPLICES APART AND
RPART 3/4 CLOSED.

DEFINITION OF APART
AND CLOSED SPLICES

@ USE A WOOD BLOCK OR AN APPROVED ALTERNATE.

APPROVED _ MAR. 21, 2003

STATE DESIGN ENGINEER

STATE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

W-BEAM GUARDRAIL &
END ANCHORAGES
INSTALLATION WITH WOOD POSTS

SPECIFICATION
REFERENCE

2554

REVISION DATE
11-11-03

STANDARD
PLATE
NO.

830 7R

10F 4

Figure A-6. Minnesota DOT Standard plate 8307R
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5/8' DIA. X 1'6" LONG

BCT ANCHOR PLATE\
GUARDRAIL BOLT & NUT :

1'4n

1'0"

5/8" DIA. X 1'6"
LONG GUARDRAIL

BOLT & NUT (GOES
THROUGH W-BEAM)

FLARED END SECTION
SEE SHEET 1 @ _\

1
o\\

POST A
TWO 8D NAILS

() BEARING PLATE

12 172"

(@ STEEL TUBE\

@W-BEAM TO BE FIELD FIT, NOT SHOP BENT.

() SEE DETAILS ON SHEET 3.

TRAFFIC

BCT CABLE ANCHOR ASSEMBLY

STRUT AND YOKE

[=-POST A & BLOCK B (3)

PLAN VIEW

/_AssEMBLY ) R
£ | 2 1
VN 2 VSN
\ o
3/4" DIA. X 10 LONG HEX BOLT i
& NUT WITH TWO WASHERS -
< =1FN
A Zo T
BTN _TWO 3/4" DIA. X 8" LONG HEX A ol BT
HEAD BOLTS & NUTS WITH =i
2- WASHERS EACH 7 v
N STEEL TUBE
A~ SOIL PLATE (3) \/\/\)\
SOIL PLATE (3)
ELEVATION
. &3

e POST A

le—BLOCK B

STRUT ANCHORAGE ASSEMBLY

@REPLACE THE IMPACT HEAD WITH THE FLARED END SECTION.

NOTES:

STRUT ANCHORAGE ASSEMBLY IS BASED ON
THE ECCENTRIC LOADER BREAKAWAY CABLE

TERMINAL (ELT) SHOWN ON STANDARD PLATE 8329.

STRUCTURAL STEEL AS PER SPEC. 3306, UNLESS

OTHERWISE NOTED. GALVANIZE STRUCTURAL
STEEL AS PER SPEC. 3392 & 3394 AFTER
FABRICATION, UNLESS OTHERWISE NOTED.

MARCH 21, 2003

APPROVED

STATE DESIGN ENGINEER

STATE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

W-BEAM GUARDRAIL &

END ANCHORAGES

STRUT ANCHORAGE ASSEMBLY DETAILS (WOOD POSTS)

SPECIFICATION | STANDARD
REFERENCE PLATE
2554 NO.
seusn e | EOB TR
11-11-03 2 OF 4

Figure A-7. Minnesota DOT Standard plate 8307R
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5/16"
RAD.

3/16" ‘ 8-1/8" ‘

7/8'" X 2" SLOT

TOP VIEW

il

SIDE VIEW

YOKE DETAILS

(2 REQUIRED }

g"

—4-"-] //—TOP

HER
JuER

C6 X 8.2 CHANNEL 1" RADIUS —5/8"
_\ (BOTH F_an—\.r

5'7-1/4" |

PLAN VIEW
STRUT DETAILS

SHOWN LEGS DOWN.

3
B 3 7/8' DIA. " i
/15/8 STEEL PLATE 3 - HOLES 2 3
1-1/16" DIA, HOLE | L
BEARING PLATE J :
-
)
i
G
gn 6" 9 TSBX6
{fx 0.1875
X v b L
: i
e - w
= ____5--
FRONT VIEW SIDE VIEW

Z:/4" STEEL PLATE

ZI/8" DIA, HOLES

SOIL PLATE (POST A

(2 REQUIRED )

STEEL TUBE (POST A )

YOKE
/ - FOR OPPOSITE HAND, .
3/16 5 /]NSTALL LEGS UP 7 N3/16 _I_
.......... \— —l'
STRUT b AN VIEW
STRUT AND YOKE ASSEMBLY
s 3
S

3'6-1/2"

|/~ 3/4"DIA,
_y[ 3 - HOLES

il :

G\
g{f" | 2-3/8" DIA.

. HOLE ——
HOLE\__ \C)
2 ——& = TTERY-
S
o ! i ;
2-3/4" Ah 3-3/4" T'
5-1/2" | 7-172" |
6” LB 8II -

(NOM.) (NOM.)
FRONT VIEW SIDE VIEW
WOOD BREAKAWAY POST A

374" DIA. HOLE

6" 8"
NOM. ¢ NOM.
6" X 8'"X
1' 2" BLOCK
FRONT VIEW SIDE VIEW

WOOD BLOCK B
{ STANDARD BLOCKOUT }

APPROVED

STATE DESIGN ENGINEE

MAR. 21, 2003

STATE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

W-BEAM GUARDRAIL &
END ANCHORAGES

STRUT ANCHORAGE ASSEMBLY DETAILS (WOOD POSTS)

SPECIFICATION STANDARD
REFERENCE PLATE
NO.
2554
8307R
REVISION DATE
11-11-03 3 OF 4

Figure A-8. Minnesota DOT Standard plate 8307R
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TERMINAL END

12
REGULAR HEX HEAD BOLT
s 1-1/4" DIA. X 15" MIN, Eigy
HOT ND.
Al 5" e o SECEN 7 OVERLAP IN DIRECTION OF TRAFFIC
2174 1-1/2" £ Aw |
Ll \ = Sl
e R —[I000000] = — T
ANCHORAGE BOLT /N
R\l ol Al Il
$ Iy
s @ z W I BurteD
I i ;o i i i ANCHORAGE
o 8-1/2 4 8-1/2 X< | | ASSEMBLY.
N e \/> o
i 80" % N
e o (O © ' A
Lrveee 13716 o woues ron L O ANCHORAGE ASSEMBLY PLAN VIEW
5/8" DIA. X 1-3/4" BOLTS & NUTS HOLE
ANCHORAGE PLATE WASHER
3/8" X 2-1/2" X 25"
STEEL PLATE
BEAM GUARDRAIL
25" SECTION OF STANDARD RAIL
ANCHORAGE
|=- POST BOLT ¢ PLATE
2" 4-174" | a-1/4" 4" 8-1/2" 2"
[’A BOLT HEAD
PERMITTED
—r— ON EITHER
P o Q @ SIDE
: ANCHORAGE
] ] DOTTED PLATE
" Q) ) @ = doraen, i
I ; SLOTS
n = ETTE o ANCHORAGE
s OPTIONAL ANCH
110 o @t
SECTION A-A
SHOWING ASSEMBLY
o) © O ©)
374" X 2-1/2" SLOT - LA \—mo 1-1/2" DIA. HOLES ANCHOR BLOCK
REINFORCEMENT, ANCHORAGE BOLT
29/32" X 1-1/8" SLOT UPPER FACE
ANCHORAGE PLATE
2! Gll [
. 2" CLR. rﬁ—‘ FORGED STEEL
TURNBUCKLE
,— INSCRIBE | 6" TAKE-UP
g ON UPPER H —ﬁ—— 1-1/4" DIA.
° 2 FACE [ HEAVY TURNBUCKLE
N 1-3/8" DIA, £, HEX NUT ANCHOR ROD
\ fbiE 1-3/8" DIA.
HOLE ANCHOR BLOCK
NO. 13 X 2'3" BARS 5" 0.C. EACH WAY PLATE WASHER.\ \ .~
SIDE VIEW FRONT VIEW DETAIL A SEE DETAIL A (Pl
ANCHOR BLOCK PLATE WASHER
ANCHOR BLOCK trg ™ THICR s 50UARE TURNBUCKLE ANCHOR ROD @
PRECAST REINFORCED CONCRETE
(©) THE ANCHORAGE ASSEMBLY TURNBUCKLE SHOULD
BE INSTALLED SO THAT THERE IS FULL THREAD
BURIED ANCHORAGE ASSEMBLY CONTACT AT BOTH ENDS OF THE TURNBUCKLE
ANCHOR ROD.
APPROVED MARCH 21, 2003 STATE OF MINNESOTA SPECIFICATION | STANDARD
——————— DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
NO.
WZ ; & / W-BEAM GUARDRAIL & 2554 B
——————— —— END ANCHORAGES REVISION DAT
STATE DESIGN ENGINEER EVISION DATE
BURIED ANCHORAGE ASSEMBLY DETAILS (WOOD POSTS) 11-11-03 4 OF 4

Figure A-9. Minnesota DOT Standard plate 8307R
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TERMINAL END 12'6" C. TO C. END TREATMENT AS REQUIRED
DESIGN A
FLARED g3 ) 6 3" 6'3" C. TO C.
END | DESIGN B
SECTION /OVERLAP IN DIRECTION OF TRAFFIC
I
L

= L | L ) - 1
<= HAP I 99 S 9
e - 21" H |_|
VZSY
L — ANCHORAGE ASSEMBLIES ARE ONLY TO BE USED IF NOT IN THE e DIRECTION.
CROUND LINE AT FACE CLEAR ZONE OF THE OPPOSING TRAFFIC. IF IN THE CLEAR ZONE OF TRAFFIC
OF GUARDRAIL OF OPPOSING TRAFFIC, MUST USE CRASHWORTHY TERMINAL.
INSTALLATION
LONG RAIL OVERLAP
! ]
l [GE @ |
|
Q:’ CQ:' 1
oo | | —— SPLICE
BOLT
3 a~T sLOT
|
T @ @
I 1
CLOSED
DIRECTION NOTES:
OF TRABRIC SEE CHAPTER 10 IN THE ROAD DESIGN MANUAL FOR END
SHORT RAIL OVERLAP TREATMENT INFORMATION.
STEEL PLATE BEAM GUARDRAIL, TERMINAL SECTION,
; | RAIL SPLICE, SPLICE BOLT SHAPES AND DIMENSIONS
D oL SHALL CONFORM TO AASHTO M-180. ALL GUARDRAIL
| SHALL BE 12 GAGE.
() D@ STEEL POSTS SHALL BE AASHTO M 270M (ASTM A 709) GRADE
@ | | — SPLICE 36 STEEL. AFTER ALL THE HOLES ARE PUNCHED AND CUTS
; BOLT ARE MADE, POSTS SHALL BE ZINC (HOT-DIP GALVANIZED)
o) fond sLoT COATED ACCORDING TO AASHTO M 111 (ASTM A 123).
T - - ' T GUARDRAIL INSTALLED ON CURVES WITH RADIUS OF 150 FT.
l OR LESS SHALL HAVE RAIL ELEMENTS SHOP CLRVED.

r 1
USE THE SAME TYPE OF POST THROUGHQUT, ON NEW

APART INSTALLATIONS.
WHEN RAIL SECTIONS USED FOR AN INSTALLATION ARE
DEFINITION OF APART 12' 6" LONG, CENTER THE 8 SPLICE BOLTS ON TOP OF
AND CLOSED SPLICES EACH OTHER (OR 1/2 APART AND 1/2 CLOSED ). SEE

DEFINITION OF APART AND CLOSED SPLICES.

WHEN 25 FT. LONG RAIL SECTIONS ARE USED FCR AN
INSTALLATION, SET THE 8 SPLICE BOLTS ACCORDING TC
THE AIR TEMPERATURE AS FOLLOWS:
BELOW 10° F. - SET 3/4 OF THE SPLICES APART AND
1/4 CLOSED.
10° F. TO 95° F. - CENTER THE SPLICE BOLT SLOTS OR
SET 1/2 OF THE SPLICES APART AND
172 CLOSED.
ABOVE 95° F. - SET 1/4 OF THE SPLICES APART AND

3/4 CLOSED.
APPROVED MARCH 31, 2004 STATE OF MINNESOTA SPECIFICATICN STANDARD
_______ DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
NO.
Mo/ W-BEAM GUARDRAIL & s
ffffffffff END ANCHORAGES 8338C
TATE DESTGN ENGINEER INSTALLATION WITH STEEL POSTS 10F 4

Figure A-10. Minnesota DOT Standard plate 8308R
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I

TOP VIEW

6'' APPROX.

-

1-1/8" 1-178"

13716' DIA. HOLES

OPTIONAL HOLES
IN OPPOSITE
FLANGE FOR
MEDIAN BARRIER
APPLICATIONS

OPTIONAL HOLE FOR
MEDIAN RUBRAIL
APPLICATIONS

T

SIDE VIEW FRONT VIEW
W6 X 9 STEEL POST @

L

TOP VIEW

8-1/4" APPROX.

]

SIDE VIEW

FRONT VIEW
W8 X 21 STEEL POST

-
W
T
~

ROUTED
GROOVE
DETAIL

GUARDRAIL

6" x 8" x 14" BLock (D
WITH ROUTED GROOVE

1-1/8"

we X 9.0
GUARDRAIL POST

TOP VIEW

6" X 8" X 14" OR 6" X 8" X 21"
/ BLOCK WITH ROUTED GROOVE (D)

5/8" DIA. BOLT

SPACER

gn

=
e
vl

ROUTED GROQVE DETAIL

2-7/8"

IN DRILLED
3/4" DIA. HOLE

END VIEW

1-378"

BLOCKS FOR Wé X 9 STEEL POST

[=— GUARDRAIL

8" X 8" X 14" SPACER
BLOCK WITH ROUTED GROOVE (D

W8 X 21 STEEL POST

TOP VIEW

8" X 8" X 14" OR 8" X 8" X 21
BLOCK WITH ROUTED GROOVE (D)

578" DIA. BOLT

IN DRILLED
374" DIA. HOLE

END VIEW

SPACER BLOCKS FOR W8 X 21 STEEL POST

NOTES:

@ USE A WOOD BLOCK OR AN APPROVED ALTERNATE.
@ W6 X 8.5 LBS/FT WIDE FLANGE STEEL POSTS ARE AN ACCEPTABLE ALTERNATIVE

FOR W6 X 9 LBS/FT

WIDE FLANGE STEEL POSTS.

MARCH 31, 2004

APPROVED

STATE DESIGN ENGINEEI

STATE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

W-BEAM GUARDRAIL &
END ANCHORAGES

DETAILS FOR STEEL POSTS

SPECIFICATION | STANDARD
REFERENCE PLATE
NO.

G 8338C

2 OF 4

Figure A-11. Minnesota DOT Standard plate 8308R
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FLARED END

SECTION (D \

5/8'" DIA. GUARDRAIL

BOLT & NUT (BOLT GOES
THROUGH W-BEAM)

™S casLe ReLeast

BRACKET ASSEMBLY

BCT CABLE ANCHOR
ASSEMBLY

7K
\—STRUT AND YOKE ASSEMBLY

BREAKAWAY STEEL POST HBA,

Vot

4-1/4"

S BOLTED HINGED, OR APPROVED
EQUAL
ELEVATION VIEW
I - 4;
JE T
Q = 174 " " " " Ve rté]
TRAFFIC PLAN VIEW
STRUT ANCHORAGE ASSEMBLY
2'3-1/2" :
| 2
. 5-1/4"-| e oL
2 _t
bl
1 1
TOP VII-:W_f

1'0-1/4"

29/32" X 1-1/8" gfg:{' e NOTES:
stot ELEVATION .
THE STRUT ANCHORAGE ASSEMBLY MUST INCLUDE ALL
FLARED END SECTION OF THE COMPATIBLE PARTS OF THE TERMINAL ON WHICH
IT IS BASED; THE PROPER RAIL, CABLE RELEASE BRACKET
ASSEMBLY, BCT CABLE ANCHOR ASSEMBLY, THE GROUND
STRUT AND POSTS THEY ARE ATTACHED TO. THIS
WILL ASSURE THE PROPER FUNCTION OF THE TERMINAL
ANCHORAGE. THE BOLTS SHALL PASS THROLGH THE RAIL
ON THE LAST TWO POSTS.DO NOT MIX PARTS BETWEEN
SYSTEMS.
(DREPLACE THE IMPACT HEAD WITH THE FLARED END SECTION.
APPROVED MARCH 31, 2004 STATE OF MINNESOTA SPECIFICATION STANDARD
——————— DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
NO.
VI 4 W-BEAM GUARDRAIL & - Bt
——————— e END ANCHORAGES
SATES DESTON: ENGINEER STRUT ANCHORAGE ASSEMBLY DETAILS (STEEL POSTS) 3 0F 4

Figure A-12. Minnesota DOT Standard plate 8308R
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TERMINAL END

12 %
REGULAR HEX HEAD BOLT SE— b3
L 1-1/74" DIA. X 15" MIN. D END
3-174 SEr riET & /— OVERLAP IN DIRECTION OF TRAFFIC
HOT BEND. i A | |
INSIDE RAD. 5 & T B
2-174" 1-1/72" % Ll HE HA ™
+ 1/8" v
P (000000000 — | S—
o Al
ANCHORAGE BOLT e : 1
| BURIED
el L ! ANCHORAGE
- 25" \) : : ASSEMBLY
§ = 2! 8-1/2" qn 8-1/2" 2] A —
({I - i 3| OII + :I]
| I ° O & BURIED ANCHORAGE ASSEMBLY
ZTHREE 13/16" DIA. HOLES FOR 1-3/8" DIA. PLAN VIEW
5/8" DIA. X 1-3/4" BOLTS & NUTS HOLE
ANCHORAGE PLATE WASHER
3/8" X 2-172" X 25" STEEL PLATE BEAM
GUARDRAIL
ANCHORAGE
25" SECTION OF STANDARD RAIL PLATE
l=-POST BOLT §
i a-174" | 4-174"  gn 8-1/2" 20 CEER
A PERMITTED
r ON EITHER
SIDE
h T
P ® ¢ ANCHORAGE
I | DOTTED PLATE
: 0] 0] ® (L g‘z(’-}% & WASHER
N
i ) o 17 OPTIONAL ANCHORAGE
o e o
= 7 BOLT
@ /) @ G
SECTION A-A
v | D e A ) SHOWING ASSEMBLY

374" X 2-1/72" SLOT / I_, A
29/32" X 1-1/8" SLOT

ANCHORAGE PLATE

ANCHOR BLOCK
PRECAST REINFORCED CONCRETE

\- TWO 1-1/2" DIA. HOLES

2'6" ,‘_ 4"
81 2 cLr.
-I-q—
INSCRIBE ]
i W1 MARK o i
3 ON UPPER -
° = FACE
& / T
1-3/8" DIA. 1-3/8" DIA,
f HOLE HOLE
NO. 13 X 2'3" BARS, 5" 0.C. EACH WAY DETAIL A

ANCHOR BLOCK PLATE WASHER
172" THICK X 4" SQUARE

BURIED ANCHORAGE ASSEMBLY

ANCHOR BLOCK
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1-1/4" DIA.
HEAVY TURNBUCKLE
HEX NUT ANCHOR ROD

ANCHOR BLOCK
PLATE WASHER.
SEE DETAIL A

TURNBUCKLE ANCHOR ROD @

@ THE ANCHORAGE ASSEMBLY TURNBUCKLE SHOULD
BE INSTALLED SO THAT THERE IS FULL THREAD
CONTACT AT BOTH ENDS OF THE TURNBUCKLE.

MARCH 31, 2004

APPROVED

STATE DESIGN ENGINEER

STATE OF MINNESOTA

DEPARTMENT OF TRANSPORTATION

W-BEAM GUARDRAIL &
END ANCHORAGES

BURIED ANCHORAGE ASSEMBLY DETAILS (STEEL POSTS)

SPECIFICATION | STANDARD
REFERENCE PLATE
NO.

2554 8338C

4 0F 4

Figure A-13. Minnesota DOT Standard plate 8308R
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NOTE: SEE SHEET 7 OF 17 FOR
DETAILS OF END SECTION. PLAN
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i
i
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N doo ; o
| — 4 |
END J H |
SECTION §” BUTTON HEAD BOLT WITH !
3" X 13" PLATE WASHER !
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\ SHEET 11 OF :’Wlw W i !
NN ¥ K% B4 -
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N A A\ GROUND
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T
i |_— THICK PLATE
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8"
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TACK WELD,
DRILL
ATE 1 14" DIA
1 OLE
]
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1
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LENGTH TO FIT
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o | cowe |
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e {4 | 1
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GUARDRATL

o “ z T [:;él]’A HOLE F 1 1 & 2
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ONE WASHER ON FRONT SEE e N
FACE (8 REQUIRED) E
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SECTION A-A
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[
- I 11
S
L |

,, +.030.
2" ooy

TYPE A WASHER

~—— @ WASHER AND SLOTTED HOLE

3" % 1“!11
PLATE WASHER

POST BOLT ASSEMBLY

GENERAL NOTES:

END ANCHOR DETAILS SHOWN SHALL BE USED ONLY ON
DOWN STREAM ENDS OF GUARDRAIL WHEN AN END ANCHOR
1S REQUIRED.

THE DETAILS SHOWN ARE FOR AN END ANCHORAGE SYSTEM
FOR GUARDRAIL. GUARDRAIL AND POSTS ARE PAID FOR
SEPARATELY.

CABLE ASSEMBLY AND ANCHOR PLATE SHALL BE SUBJECT TO
APPROVAL BY THE ENGINEER AND SHALL HAVE A MINIMUM
BREAKING STRENGTH OF 20 TONS.

ALL
GALVANIZED AFTER FABRICATION.
STANDARD SPECIFICATION.

FITTINGS AND HARDWARE REQUIRED SHALL BE
SEE SECTION 1040

WOOD POSTS 1 AND 2 SHALL BE 53" X 73".

SEE SECTION 1050 STANDARD SPECIFICATIONS FOR wOOD
POST.

N ELECTRONICALLY SEALED AND DATED.

MISSOURI HIGHWAYS AND TRANSPORTATION
COMMISSION

105 WEST CAPITOL

JEFFERSON CITY. MO 65102

1-888-ASK-MODOT (1-888-275-6636)
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00CUMENT. *
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872172009

| 606.00aT |

Figure A-14. Missouri DOT Drawing 606.00AT
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Figure A-15. Missouri DOT Drawing 606.00AT
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LOCK WASHER
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FABRICATION DETAIL
DETAIL C
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Nl , 2T 1 | |
(1) STUD, THREADED ENTIRE LENGTH.
3 SWAG (2) 6°-3" SPACING FOR TYPE A OR B GUARDRAIL: 3'-13"
5|ANUM;%352¥C‘,E)D('1I1” ING SPACING FOR TYPE E GUARDRAIL. A
(3) 27" MINIMUM BUT LESS THAN 4’ FOR TYPE
DETAIL B 4 MINIMUM FOR TYPE A GUARDRAIL.
(CABLE ASSEMBLY)
END ANCHOR TYPE A. B OR E GUARDRAIL
L 6-3" 6-3" GUARDRAIL POST SPACING (2)
woop POST |

EDGE OF SHOULDER

LG

|
5

L v =\ I \ -
5 ACCEPTED AREA OF e e e
END SECTION ~& TRAFFIC OBSTACLE LOCATION FACE OF GUARDRAIL
LAP RAIL OVER FLAN AP GUARDRAIL IN THE
N CTION LAP Gl H
END SECTIOI DIRECTION OF TRAFFIC.
END SECTION ~_ \
i — a1 7 ] ' T +
£ - =3 { t
( o = T | I T : T
o I - -
BEARING / SEE CABLE
PLATE q-- ASSEMBLY FINISHED GROUND L INE
- < s
i o«
[ [« ] =
=l .
P 823 Cug
[ S ] ")
[ W Pwa
[ e NEE
e N-D
POST 1 POST 2
ELEVATION
END ANCHOR

1%" DIAM. HOLE

END VIEW

MISSOURI HIGHWAYS AND TRANSPORTATION

DOT

COMMISSION

105 WEST CAPITOL
JEFFERSON CITY. MO 65102
1-888~-ASK~-MODOT (1-888-275-6636)

“THIS MEDIA SWOULO
NOT BE CONSIDERED
A CERTIFIED
0CUMENT. *

GUARDRAIL

END ANCHOR DETAILS

DATE EFFECTIVE:
DATE PREPARED:

1070172007
872172009

SHEET NO.

110F 17
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CONCRETE FOUNDATION FOR

N

A

—

—

6” X 6" WELDED WIRE FABRIC

TWO SIDES OF POST SHALL BE
FACED WITH ONE LAYER OF 3"
THICK EXPANDED POLYSTYRENE FOAM
SHEETING AND ONE WRAP OF LIGHT-
WEICHT BUILDING PAPER. TOP ONE
INCH TO BE FILLED WITH BUTYL
RUBBER CAULKING (COMMERCI AL
GRADE OF OTHER APPROVED WATER

3“ POLYSTYRENE

FOAM
6” X 6" WELDED
WIRE FABRIC
542 X TA"
24 INCH DIAMETER END POST

CONCRETE FOOTING
SECTION A-A

EXPANDED POLYSTYRENE FOAM

INSTALLATION DETAIL

3" HOLE

PROOF MATERIAL.
1
END ANCHORS

l\‘DF‘I 1ONAL
H

v

~i=
~

ni=

w

N .
S
©
2

s —- )

~

o~

-~

”

N

FRONT VIEW SIDE VIEW

WOOD BREAKAWAY POST
SEE SECTION 1050

D AND DATED.

TN CLECTRONICALLY SEALE

TN TH1S SHEET 17 MAS BE
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TF & SEAL

SOIL PLATE (1) 5’-93” FOR CONCRETE
. FOUNDATION ALTERNATE.
9 e (2) 3'-64" FOR CONCRETE
i TERNATE.
8 ! (§* A30T BOLTS) FOUNDATION ALTERNATE
X o 7 . ¢ 3 HOLE
. 2" STANDARD PIPE * /
X . el GENERAL NOTES:
~ i .
i I --éu?g“- s THE CONTRACTOR HAS THE OPTION TO INSTALL WOOD POST 1
| | AND 2 IN STEEL TUBE OR CONCRETE FOUNDATION.
| o
GROUND L INE i i TRIMMING OF WOOD POST MAY BE NECESSARY FOR STEEL
/ ! ) 5 TUBE FOUNDATION.
| 7
% STEEL TUBE FOUNDATIONS SHALL BE DRILLED AND BACK-
. B FILLED WITH A SUITABLE MATERIAL WHEN THE SOIL PLATE
i~ 3 1S BOLTED, AS SHOWN. TO THE STEEL TUBE. STEEL TUBE
G FOUNDATION MAY BE DRIVEN WHEN THE SOIL PLATE IS
- q | WELDED. AS SHOWN., TO THE STEEL TUBE.
s 8Y X8* X 4
| e ] b | STRUCTURAL 2 MISSOURI HIGHWAYS AND TRANSPORTATION
=== 8" 8" il STEEL TUBING DOT COMMISSION
TEEL 5 1 ) JEFFERSON C1TY: WO 65108
Tuge ] Ga Sff\%t SHOP WELDED 8" 1-888-ASK-MODOT (1-888-275-6636 )
SOIL PLATE CONNECTION
STEEL TUBE
L] ] N——
vt t Cmstotes
POST 1 i UA AlL
STEEL TUBE FOUNDATION FOR END ANCHORS
BOLTS AND NUTS SHALL BE GALVANIZED IN ACCORDANCE WITH THE
REQUIREMENTS OF AASHTO M232, OR THEY MAY BE MECHANICALLY SHEET WO,
ol - Wl T DATE EFFECTIVE: 10/01/2007
GALVANIZED IN ACCORDANCE WITH AASHTO M232 CLASS C. e e | 606. 00AT | 12 OF 17

Figure A-16. Missouri DOT Drawing 606.00AT
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16 A X 8" HOULDER, SHOUL D!

SHOUL DER,

[ ]

[V

~ 7oE OF FILL

ER 9’

DITCH

BLOCK

FIELD BEND
SEGTION: A=A SECTION B-B SECTION C-C
DETAIL A P $NETH RUBRALL) (WITH RUBRAIL)
/
4 FILL/CUT TRANSITION
~—
L OR FACE OF HAZARD ///
FILL pAY LIMITS ——
JUARDRAIL PA DRAIL) _———
"t STANDARD G5 AS TYPE A GUARDEA— e
B  (RUBRAIL ——— e

BOTTOM OF

MEASURED

V-DITCH
e——"T 12.5:1 MIN. FOR >40 MPH DESIGN SPEED | I |
I 3:1 FOR <40 MPH ] D <J
>/ A B<—J . © g o
DETAIL A PLAN VIEW 25 12'-6 12" -6
HEIGHT OF GUARDRAIL 1S PARALLEL TO ROADWAY GRADE _ HEIGHT OF GUARDRAIL TAPERS TO END ANCHORAGE
\ V‘\R
ff T 7 fr ff B - == ff fr =
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GROUND L INE
¥k THE POST BEHIND THE DITCHLINE MAY BE
ELEVATION SHORTENED TO PROVIOE 48" MIN. EMBEDMENT.
ANCHORED IN BACKSLOPE GUARDRAIL

COST OF SHAPING ROCK FACE
CONNECTOR, DRILLING HOLES. FURNISHING AND PLACING

BOLTS. WASHERS. CAULKING, ANCHORS AND END SHOE TO BE
INCLUDED IN THE PRICE OF GUARDRAIL ANCHOR. ROCK FACE.

FOR PLACING OF TERMINAL

FOURE” X 6"

HEX-HEAD
DITCH MACHINE BOLTS
ELEVATION AND WASHERS

% HEIGHT ABOVE DITCH IS

SHOULDER g’

POST END

SECTION D-D ANCHOR A

ALONG RATL FACE

24" x 24" x 36"
CONCRETE ANCHOR

BLOCK

GENERAL NOTES:
FOR END ANCHOR DETAILS, SEE SHEET 10 OF 17.

EIGHT FOOT POST IS REQUIRED WITH RUBRAIL.

RUBRAIL BEGINS WHEN THE DISTANCE BETWEEN THE GUARD-
RAIL AND THE GROUND IS 18" AND INCREASING.
END ANCHOR POSTS 1 AND 2 SHALL HAVE FOUNDATION TYPE

AS SHOWN ON SHEET 12 OF 17.

THE CONTRACT UNIT PRICE FOR EMBEDDED GUARDRAIL

ANCHOR SHALL INCLUDE THE CONCRETE ANCHOR. EXCAVATION
AND BACKF ILLING, OR TERMINAL CONNECTOR. AND ALL
INCIDENTIAL HARDWARE AND WORK NECESSARY TO COMPLETE
THE INSTALLATION.

THE GUARDRAIL SHALL EXTEND 50’ + BEYOND THE DITCH
LINE AND TERMINATE A MINIMUM OF 12 INCHES BELOW
GROUND ELEVATION OF THE BACKSLOPE.

BLOCKOUTS WILL NOT BE REQUIRED FOR ANY POST WHICH
WILL BE COMPLETELY BELOW GROUND. THE AL IGNMENT OF
SUCH POSTS SHALL BE APPROVED BY THE ENGINEER.

SEE _OTHER DRAWINGS AND STANDARD SPECIFICATIONS FOR
MATERIAL AND CONSTRUCTION REQUIREMENTS NOT SHOWN.

D AND DATED.

' ELECTRONICALLY SEALE

MISSOURI HIGHWAYS AND TRANSPORTATION

DOT COMMISSION
108 WEST CAPITOL

JEFFERSON CITY. MO 65102
1-888~-ASK~-MODOT (1-888-275-6636)
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ROCK FACE T0 FACE OF ROCK CUT AT THE DITCH CROSSING.
SHEET NO.
DATE EFFECTIVE: 10/01/2007
ROCK FACE GUARDRAIL ANCHOR OATE PREPARED  B/21/2000 SOG-OOATI 130F 17
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Type T Anchor Assembly Type 5 Guardrail

12°-6* [3.8/

SCO GR-2./
ml

6°-3* [1.905 ml

6°-3% [1.905 m]

Cable Anchor (with |
12 ga. W-Beam nuts and washers) !
Rounded End
Section - Anchor

Bracket

Assembly —\

Blockout attached
to post with bolt
and nut, and round
washer under nut.

Blockout attached to post !
with bolt and nut, and

round washer under nut. Std. Type 5 Post

Blockout. See POST Note.

Std. Type 5 Blockout
f

=X 1

Type 2 CRT Breakaway Post
(Nominal 6"x8“X3"-6/%6" (150
X200x/080 woodl, inserted

into Ground Tube.

PLAN

Eight ASTM A307 Hex
bolts and Nuts, %* (161
by 1¥%s” (407 long

Post No. 1 W/Thout washers.
i 4 Splice Bolts

Guardrail Bolt and
Nut with round
washer under nut.

\ 12-6" [3.8/ m] W-Beam Terminal Rail —/
Soil Plate

Cable nut and washer
2
/T Rail (with bracket slots)

|
L2 . Rail Splice, rails
lapped in direction
of traffic

Direction of Traffic flow
for trailing end

8 Splice Bolts
12 ga. W-Beam Terminal

5’-0" [1525] long)
See POSTS Note. — |

Assembly details.

T | T
©
S S
N
<
Anchor *
Bracket B
Assembly N
b
L %* 197 Cable Anchor. 11 §
Length of cable assembly e
A g is 6767 (20001, Ve 856 weed pesr. | Mgl Trpe 8 R
~ ) LIJ From top of tube to € See POSTS Note. | | Guardrail Post |
__/\ i \_ of soil plate holes. | [ e
See DETAIL B | Soil Plate. See POSTS Note. | | For specific embed- <
1 | ment of std. posts, I a
Stee/ Ground Tube | See SCD GR-1./ for Type 2 | 566 SCD GR-1./ . (| 9
(TS 8*x6”x¥s” 1 Breakaway CRT Post, Steel | | (| DY
[TS 203x/52x4.8] by | Ground Tube, Post Sleeve, L
r. Cable Anchor and Bracket d
|
1
LL]

Two 16 Nails (bent over plate)

Post Sleeve
to prevent Plate rotation

6% [150] x
2%~ (607 0.0.

Bearing Plate. See Sheet 2. Cable Anchor

Cable nut and washer

|

Lo [/00]J

Steel Ground Tube

only). See

DETAIL A

Tubing
max.) above ground line.

% (/6] by 10* [250] long ASTW
A307 Hex Bolt and Nut, with round
washers under head and nut.

Stee/ Ground Tube (5°-0*

ELEVATION - FOUNDATION TUBE

Type 2 Breakaway CRT Post

Type 2 Breakaway CRT Post

2% (501, (3* (757
under head and nut.

POSTS Note.

DETAIL B

Two %~ (/6] by 8% [200)
long ASTM A307 Hex Bolt
and Nul, with round washers

Soil Plate (for use on a
57-0* Jong Steel Ground Tube). ! !
See SOIL PLATE DETAIL.

NOTES

APPLICATION: Use Type T Anchor Assemblies on the trailing end
of guardrail runs, located outside of the clear zone of opposing
traffic. The assembly is 12’-6* (3.8/] long, none of which can

be considered the Length of Need for the guardrail run.

For termination requirements at driveways, see DRIVEWAY OPENING
Detail on Sheet 2. For side road approaches and Terminals af
Structures, see Location & Design Manual, Volume |, Figure 603-3.

ANCHORING OPTIONS: Contractor may choose either the foundation
tube (shown on this Sheet) or the concrete footing optien (Sheet 2)
to construct this anchor assembly.

If the foundation tube option is chosen, the contractor will
take proper care to insure that the Soil Plate fasteners are
not broken during the driving process.

Concrete footings may be cas!-in-place or precast.
fill after placing precast unit.

MATERIALS: See SCD GR-I.I for parts used on this anchor,
i/ncluding the CRT Breakaway Posts, Stee/ Ground Tube, Post
Sl/eeve, Cable Anchor and Bracket Assembly.

Bearing Plate and Soil Plate is ASTM A709 Grade 36. Stee/

Ground Tube shall be ASTM A500, Grade B, and meet! CMS 707./0.
All angles, channels and plates shall meet CMS 7/1.0l. All structural
steel/ shall be galvanized as specified in CMS 7/1.02. All bolt
washers indicated are standard galvanized steel of the appropriafe
size.

Compac!

Concrete shall be class C.

Components on this anchor that are not detailed on SCO GR-I./
include: [) 12°-6* [3.8/ m] W-Beam Terminal Rail (standard part
RWMI4a), and 2) W-Beam Rounded End Section (RWEO03a).

For complete details and specificalions, see par! descriptions

in the AASHTO/AGC/ARTBA Standardized Hardware Guide.

POSTS: Post No. | may be an 8°-0% [2440] long Steel Ground
;uba Pwi/hou/ a Soil Plate in lieu of the 5’-0* [1525] tube with
oil Plate.

Post No. 2 can be W6x9 (WI!50x/3.9] (or W6x8.5 (W/50x/12.91) with
notched wood blockouts or a standard Type 5 post and blockout.
Recycled plastic blockoutls are permitted.

PAYMENT: All labor and materials, including the W-Beam Rounded
End Section and the W-Beam Terminal Rail for the 12-6” [3.8/]
anchor assembly shall be included in the unit price bid for
Item 606 - Anchor Assembly, Type T, Each.

T0P
Yo £67 24~ (610]
2 g9~ P
L—%~ (201
N dla. holes

/8% (4607,

SIDE FRONT
SOIL PLATE DETAIL

THIS DRAWING REPLACES GR-4.2 DATED 7-2I-06.

1-19-07
DATE

OHIO DEPARTMENT OF TRANSPORTATION

ROADWAY DESIGN ENGINEER

STOS. ENGR.
D. Focke

All metric dimensions

ROADWAY
ENGINEERING
SERVICES

STANDARD ROADWAY CONSTRUCTION DRAWING
TYPE T ANCHOR ASSEMBLY
(Foundation Tube Option)

NUMBER
GR-4.2

[~
N

Figure A-22. Ohio DOT Terminal Type T
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.t
Type T Anchor Assembly Type 5 Guardrail E
~
12°-6” (3. 5
2'-6” (3.8/ ml % [16], 8% [2001] E
6°-3" [1.905 m] - 6°-3% [1.905 m) P H
2‘/007; IS
W
W Mesh ; Blockout attached to post ' e
ire Mes Ca’b/a Anchor /wr;l i Blockout attached to post I with bolt and nut, Mﬁ N | S
;2 W; W-gaam ) nuts and washers. with bolt and nut, and round washer under nut. N ‘“g i Y
ounded End Section Anchor Bracket round washer under nut. Std. Type 5 Post “ Y o RGP (e 5 . g
Assembly _\ & ' <
Blockout. See POST Note. 1" (281 8
oo X | Std. Type 5 Blockout ! ,#f,. hole ;
= o | 1 SIDE FRONT 3
T TN ) s :
12'-6" [3.81 m] W-Boam Terminal Rail Hall, Spilas; ralls, 1appad
Concrete foundation @ BEARING PLATE DETAIL
Direction of Traffic flow § S
for trailing end Two 16 Nails (bent o l§
over plate) o @
PLAN prevent Plate rotation Post Sleeve E s
; 6% [150] x
Type | Breataway CRT Eight ASTH A307 Hex bolts Bearing Plate. See 2%* (6071 0.0. gon
Post, except this is 5'-4* and Nuts, %* [16] by DETAIL this Sheet. 5583
116257 long. (Nominal 1%s” (407 long, with Plate Cable Anchor 2xSe
67287 [1504200] wood) Washers on fron! face. Cable nut and washer 8568
TP
Post No./ 2 3 L oftd
Guardrail Bolt and Wut with B35
round washer under nuf. ieD —c.®
Cable nut and washer & Splice Bolts 3cs
4 Splice Bolts / 12 ga. W-Beam Terminal Rail 1% (1007 / 5-4* [1625] -
I,_,'_I (with bracket slots) il Concrete foundation Z);/;Zk{mmy :Em
Q CRT Post glu&
————————————————— — 8 DETAIL C Uz
S Saw
(2]
Anchor 3 E
Bracket f
Assembly o) 47 (1.2 m] to
I . WSiintd 2 8’ [2.4] offset
A o~ ‘ T Fiored End g
_/ ¥ | fn’cﬂ[a/f )ng;; of L 67x8” [150x200) b, 1 N Should 5’%7"” ! 3 s’:n
N 3 “x8” X Y ~ oulder @ S~
See DETAIL ¢ 1o cable assembly | Ir/—S'-O' [/1830] Wood Post. I hesta. Type 5 & & ngg
67x6" WEXW6E W is 6'-6" [20001]. | See POSTS Note. | | Guardrail Post ’ ) s S
L[150x150-W38xW38] ol | | | | S frective Effective 50§
Welded Wire Fabric % H : \1\ | | I I S Wainline G.R. Yainline CB. 8 23._
[N
Wrap post in Y” | l | | by S |2 ‘!43
£/3] thick polystyrene T Concrete foundation J Type T Type T S 18 ge
sheeting or double layer | 3% (757 ol (Tvo.) | | For specific embed-| | | " Anchor Anchor N s
;,/ L-,,:,pa,,';,-,,, paper L d EPoJ. olear, (Lyp.). | ment of std. posts, | - ——— Y TlE%e
o aid in removal. S R=1.1 . &
24 (6107 gea SO/ © §»~§
n
W lows
RN
Normal offset ] gt-
See SCD GR-/./ for Type / \ | \L t &5
Break. CRT Post, Steel . «
Ground Tupe, Post Sioeve, ELEVATION - CONCRETE FOOTER Edge of Pavement Type 5 Guardrail :
Cable Anchor and Brackel ;;gm[]hf :’] ’9(725 ) =z
Assembly details. : aqras; (LYps =
<
Sy
DRIVEWAY OPENING v |3 ¥
< IR g
B
2]z

Figure A-23. Ohio DOT Terminal Type T
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South Dakota

1) Drawing 630.80
2) Drawing 630.32
3) Drawing 630.02
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A round—_

washer

Required wood breakaway
shall be Inserted Into steel tube.

post

1%," round
washer \J!L

o PLAN

W Beam or Thrlie Beam
End Sectlion (Flared)

6'-3"

Thrie Beam Roll\

:
I

0

e —————

Post Bolts shall be
4" X 915" Button
Head Bolts.

e 'l

0

! W Beam Rall
..... ,:.-.--.--.--.--.-?.-.s..--.--.--.

I |6u

4ll

ﬂz'l 4-| I |

4"

o

* % 32"

GENERAL NOTES: ELEVATION

Speclification Mlll.

with ASTM Al23.

k_/ - &
_\ (;|
*
See Post Bolts shall be
Detall B %"X 18 "Button
Fozise Head Bolts.
o f==cc Cable Assembly (Taut)
P
5'—/\ \_
| %" Dia: ; Soll Plate Grafnd Ling
_? OH’S ’|r—~i'
n) rzeed #*% See Standard Plate 630,98
1 : et
! A See Detall C = N =
RS

All hardware shall be galvanized In accordance with ASTM Al53.
The cable shall be ¥.", Type I, with Class A coating in conformance with AASHTO M30.

The steel tube shall meet the requirements of ASTM Specification A5S00, Grade B, and
shall be galvanized after fabrication In accordance with the requirements of AASHTO

The anchor bracket, soll plate, and bearing plate shall be fabricated from steel that
meets ASTM A36 Specifications. They shall be galvanized after fabrication In accordance

Costs for constructing the beam guardrail tralling end terminal and furnishing the anchor
bracket, cable assembly, steel tube, soil plate, bearing plate, plpe sleeve, wood bredakaway
post, and all hardware necessary to attach anchor bracket, cable assembly, steel tube,

soll plate, bearing plate, plpe sleeve, and wood breakaway post shall be Incldental to the
contract unit price per each for "Beam Guardrail Tralling End Terminal™.

Costs for the thrle beam or W beam guardrall and the thrie beam or W beam end
sections (Flared) shall be Incidental to the contract unit price per foot for the respective

"Thrie Beam Guardrall"or "W Beam Guardrall"bld ltems. .
g PLATE NUMBER
D | BEAM GUARDRAIL TRAILING END TERMINAL 630.80

Published Dats: 3rd Otr. 2010 2 e

Figure A-24. South Dakota DOT Drawing 630.80
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| /|? " Dla—

{

BEARING PLATE

8.

4"

Bearing Plate

5/2"

2"xe" Standard

52" x 1Y/2" Wood
Breakaway Post

”__Hole

I Gll

5'-Q"

i
A DroJ

ol

=1

8'x6"x0. 875"
STEEL TUBE

4" Dia.

/4" Steel Plate
K R%" Dia. Holes

18"

9“

sll

\\

S$4S (Finlsh
Four Sldes)

Galvanlized .
2%9(5?06_8?;6 g:'ll\[t)cr:?';lzed :'-_-':'f:-f
0.1875"
|" Steel - Tube
Washer T § Tﬁrcekness
fEzz3rczd _ < \ *
: o ¥a'Dla. Holes | ™)
L P Sgoe R,
4" Dla. Hole—/é i Ground Line DETAIL C
TP St )10 i o
DETAIL B L fous, B
*All holes shall be centered 2¥,"
3"End Plate on respective sldes. 15" 3" R.
o ot WOOD BREAKAWAY 5 L | ¢
for 1"Stud POST | Y g .
-‘_.1 l (L LI L Y'l-IVOIf; Dio' IVE - Ho'a_/ —'® j
j =\ =|uu|u|" |||u||u"| B - — ':).‘ | U% RS -
= ﬁ 1"Dla. Stud ™) \Ei;— = < Yo Bolt )
1" Jam Nut = g -
2‘;;223’;?0,?"’:09:" —_— i pouredl Thrle Beam Rall
74" Cable Washer 2%,"
SECTION A-A ANCHOR BRACKET
(END PLATE REMOVED) END PLATE
6'-6" :

9“ BII

2'-Q"
SOIL PLATE
52" /2"

Wood Breakaway
Post

qn

|"Dla. x 7"Long L 5V"

Stud Threaded %LI __l |_3éi

Entire Length

154"

CABLE ASSEMBLY

Cable shall be Swage Connected
¥4" Dla. (6X19) Galvanized Cable

Standard Swaged Fitting And Stud

dJune 26, 2010
3 PLATE NUMBER
D | BEAM GUARDRAIL TRAILING END TERMINAL 630.80
Published Date: 3rd Otr. 2010 - e

Figure A-25. South Dakota DOT Drawing 630.80
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I'-9" 12'-6" or 25'-0" |
6'-3"(TYP.) .
~ -IQ Q
Post Post Post
Bolt Bolt E?'i
e Slot Slot Slo
1 1 [ s 1
Lu ! — ol it
1 L | ! J : L
L} 1 ;'l 'L

* 28"

\—Lap rall over W beam LLop rall In direction

geg-?gg FFr;gred) end sectlon. ZFlnlshed Surface of ad]acent traffic.

ELEVATION *See Standard Plate 630.98

L n

| T ‘.{\* e
AdJacent J

L Trafflc Direction A
Lap rall over ¥ beam Lap rall In direction
end section. of ad]acent traffic.

PLAN

W BEAM GUARDRAIL
DEFLECTION CRITERIA

POST MAXIMUM
SPACING DEFLECTION

6I_3Il 3!_3"
3|_| I/Z" 2!_0"
For Informational Purposes Only

GENERAL NOTES:
All W beam rall shall be Type |I.

There wlll be no separate payment for furnishing and Installing W Beam End
Sectlons (Flared) and W Beam Terminal Connectors. All costs for the W Beam
End Sectlons (Flared) and W Beam Terminal Connectors shall be Incidental to the
contract unit price per foot for the respective "W Beam Guardrall”bld tem.

W beam rall section lengths may be 12'-6" and/or 25'-0". The comblnatlon of section
lengths used shall be compatible with the total length of rall per site as shown
In the plans.

W Beam End Sections (Flared) shall only be used In a one way traffic sltuation.
See Standard Plate 630.80 for W Beam End Sectlon (Flared)In the Beam Guardrall
Tralling End Terminal.

All costs for constructing W beam guardrall Including |labor, equipment, and materilals
Including all posts, blocks, steel beam rall, and hardware shall be Inclidental to the
contract unit price per foot for the respective "W Beam Guardrall"bld Item.

Surfaclng and embankment quantities wlill be pald for separately and will NOT be
Incldental to the "W Beam Guardrall"bld I+tem.

dJune 26, 2010
D PLATE NUMBER
D W BEAM GUARDRAIL INSTALLATION 630.32
Published Date: 3rd Otr. 2010 - pr—

Figure A-26. South Dakota DOT Drawing 630.32
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|'-9" 12'-8" or 25'-0" |
31" (Typ.) o
¢ —]Q ¢
Po‘s‘r Post Post
Bolt Bolt Bolt
~——nu__ Slot Slot e . Slot L
1 1 p— 1] e L
T - et ] ety
| LI T I T T I T _l L— T | : T
1 [ (L Py _) L L i,
i - = = —— %
" J *
: ; I :
\—Lap rail over thrie [ LLop rall In direction
Thrie Beam beam end section. of ad]acent traffic.

Finished Surface

ELEVATION

* See Standard Plate 630.98 and the helght shall be 31" when double (nested)
thrie beam guardrall Is attached to a concrete bridge rall.

wfd g g . j

End Section (Flared)

| e ‘-{\-\ P
L AdJacent H L
Lap rall In direction
Lap rall over thrie Jragilc Girection of ad]acent traffic.
beam end sectlon.
PLAN THRIE BEAM GUARDRAIL
DEFLECTION CRITERIA
POST MAXIMUM
SPACING DEFLECTION
61_3:: 2"6"
GENERAL NOTES: 3=l |'-9"

For Informational Purposes Only
All thrie beam rall shall be Type I.

There wlll be no separate payment for furnishing and Installing Thrie Beam End
Sections (Flared) and Thrie Beam Terminal Connectors. All costs for the Thrle Beam
End Sections (Flared) and Thrle Beam Terminal Connectors shall be Incldental to the
contract unit price per foot for the respective "Thrie Beam Guardrall"bld tem.

Thrie beam rall sectlon lengths may be 12'-6" and/or 25'-0". The combination of sectlon
lengths used shall be compatible with the total length of rall per site as shown
In the plans.

Thrie Beam End Sectlons (Flared) shall only be used In a one way traffic situation.
See Standard Plate 630.80 for Thrie Beam End Sectlon (Flared)In the Beam Guardrall
Tralling End Terminal.

All costs for constructing thrle beam guardrall Including labor, equipment, and materlals
Including all posts, blocks, steel beam rall, and hardware shall be Incldental to the
contract unit price per foot for the respective "Thrie Beam Guardrall"bld Item.

Surfacling and embankment quantities will be pald for separately and wlll NOT be
Incldental to the "Thrle Beam Guardrall"bld Item.

June 26, 20i0
3 PLATE NUMBER
D THRIE BEAM GUARDRAIL INSTALLATION 630.02
Published Date: 3rd Otr. 2010 - e

Figure A-27. South Dakota DOT Drawing 630.02
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Wisconsin

1) Type 2 (Drawing S.D.D. 14 B 16-4a)
2) Rounded End Section Class B (Drawing S.D.D. 14 B 3-2)
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OFFSET BLOCK
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N
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EDGE OF SHOULDER

PLAN VIEW

LIMIT OF BEAM GUARD, CLASS A

END SECTION (ROUNDED)

POST NO.1

| OFFSET BLOCK
REQUIRED

2" STD. PPE

/ 12,375" 0.0

CABLE ASSEMBLY

[ ———

T GROUND LINE

NZSZSG

1 - DETAIL "A”
e : : &1 = T T POST NO. 1
APPROX. 1 e
6 ‘ 1= el \‘
%" ¢ BOLT 1-9%"
Al - |
N
& AR e NN
m GROUND LINE %° ¢ BOLTS
SEE DETAL "A" ==
SOIL PLATE
@-%" e
BOLTS J
LINE POST -A
f=— STEEL TUBE

»

& — FRONT VIEW

=] ANCHORAGE FOR STEEL

= END TREATMENT WITH TYPE 2 ANCHORAGE STEEL BEARING PLATE PLATE BEAM GUARD

@ (USE ON ONE-WAY ROADWAYS ONLY - DEPARTING END) TYPE 2

- STATE OF WISCONSIN

o“' DEPARTMENT OF TRANSPORTATION

Figure A-28. Wisconsin DOT Terminal Type 2

S.D.D. 14 B 16-4a
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Standard Detail Drawing 14B164a

References: FDM Procedure 11-45-1
AASHTO Roadside Design Guide

Bid items associated with this drawing:

ltem # Title

614.0305 Steel Plate Beam Guard Class A (LF)
614.0115  Anchorages for Steel Plate Beam Guard Type 2 (each)

Standardized Special Provisions associated with this drawing:

STSP # Title

Other SDD's associated with this drawing: 14B15 and 14B18 - 14B16-4b & 14B18-
5a is required when this drawing is called for in the plans.

Design Notes:

A Type 2 anchor shall only be used on the departing end of beam guard located along
one-way roadways.

Contact Person: Erik Emerson (608) 266 — 2842

September 7, 2007

Figure A-29. Wisconsin DOT Terminal Type 2
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Qap-91 8 ¥l °0'a's

: HOLES ¥4 19 [—EALE ASSEMBLY

FRONT VIEW

¢

3
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b

¥4 ¢ HOLES

s S W e

>}’\>§\\

CABLE END PLAT
WX 3 x 2

MACHNE BOLT %" * X 13"
WITH HEX NUT AND FLAT
WASHER, (WASHER ON FRONT
FACE OF RAL ELEMENT

/4" PLATE BENT TO
FIT RAIL ELEMENT

END VIEW

ANCHOR PLATE DETAIL

2" GALVANIZED
'STANDARD

—PIPE IN NO.1
POST ONLY.
2%" ¢ HOLE

3-6%"

54"

WOOD BREAKAWAY POST

¥e* ¢ HOLES —]

STEEL TUBE

STEEL TUBE SHALL CONFORM TO
REQUIREMENTS OF ASTM A500

</:/

-6 0UT_TO OUT By
(SWAGE FITTING & STUD—w=
AT BOTH ENDS)

Yo t6 X 19
GALVANIZED CABLE

SWAGE CONNECTED

CABLE ASSEMBLY

CABLE, SWAGE FITTING, STUD AND NUT SHALL DEVELOP
A MNINUM ARING STRENGTH OF 40,000 LB

(TIGHTEN UNTIL TAUT)

%"

BREAKAWAY TERMINAL POST SLEEVE
GALVANIZED STANDARD STRENGTH STEEL PIPE, ASTM 53 GRADE '8"

GENERAL NOTES

DETALS OF CONSTRUCTION, MATERIALS AND WORKMANSHIP NOT SHOWN ON THS
DRAWING SHALL CONFORM TO THE PERTINENT REOUIREMENTS OF THW STANDARD
'SPECIFICATIONS AND THE APPLICABLE SPECIAL PROVISIONS.

STRUCTURAL TUBING SHALL CONFORM TO THE REOUIREMENTS OF ASTM A-500
GRADE B OR ASTM A-501

POST NO.1 SHALL BE WOOD BREAKAWAY POST INSERTED AND BOLTED NTO
STEEL TUBE.

TYPE 2 ANCHORAGE SHALL CONSIST OF A STEEL TUBE. SOL PLATE
WOOD BREAKAWAY POST, BEARING PLATE, ANCHOR PLATE, CABLE ASSEMBLY
AND ALL ASSOCIATED HARDWARE, ALL STEEL PARTS SHALL BE GALVANIZED.

12 GA, STEEL (0.105"
BASE METAL THICKNESS

CONTOUR TO FIT
W

|/ OVER W-BEA

wN h ®
2/ free— 85" —|
2-0" APPROX.———=={

PLAN VIEW

A /

b\ /c§
\ SPUICE BOLT SLOT

& "X U

p— -0/ —we]

IR Seo—

FRONT VIEW
W BEAM END SECTION ROUNDED

‘4" STEEL PLATE'—\

n‘%

ANCHORAGE FOR STEEL

PLATE BEAM GUARD
TYPE 2

9" —e

=

SOIL PLATE

STATE OF WISCONSIN
DEPARTMENT OF TRANSPORTATION

7 /S/ Jerry H.Zogg

T DATE  TROADWAY STANDARDS DEVELOPMENT
ENGIMEER

Figure A-30. Wisconsin DOT Terminal Type 2

S.D.D. 4 B 16-4b
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Standard Detail Drawing 14B16-4b

References: FDM Procedure 11-45-1
AASHTO Roadside Design Guide

Bid items associated with this drawing:

ltem # Title

614.0305 Steel Plate Beam Guard Class A (LF)

614.0115 Anchorages for Steel Plate Beam Guard, Type 2 (each)

205.9006.S Grading, Shaping, and Finishing for Barrier Terminals, Item 205.9006.S (each)

Standardized Special Provisions associated with this drawing:

STSP # Title
205.009 Grading, Shaping and Finishing for Barrier Terminals, Item 205.9006.S

Other SDD's associated with this drawing: 14B15 & 14B18
14B16-4a and 14B18-6a are required when this drawing is called for in the plans.

Design Notes: For Non-Grading Type Projects with Beam Guard - (Resurfacing plus Beam
Guard or Separate Beam Guard Project)

ltem # Title
205.9005.S Grading, Shaping and Finishing for Beam Guard Anchorage

List all items of work and round up the quantities for individual items and note them as “For Bid
Information Only.” Following is suggested table format for use on the Miscellaneous Quantities

Sheet:
GRADIING, SHAPING AND FINISHING FOR BARRIER TERMINALS ITEM 205.9006.8
Station * Fill * Borrow * Salv. * Fert. * Mulching | Each
Location Exc. Topsoil Type --- | Seeding
(Anchorage
Post # 1) C.Y. C.Y. S.Y. CWT. L.B. S.Y.
STA.
Totals

* ltems & Quantities listed for Bid Information Only. For quantities shown be very clear how many
units Each are included in the table.
Options to use in displaying quantities:
1. Show items and quantities for 1 Each, typical location.
2. List each anchor location separately with respective quantities.
3. Show items and quantities for all anchors inclusive, and indicate the quantity of anchors
these totals are for.

Contact Person: Erik Emerson (608) 266-2842

September 7, 2007

Figure A-31. Wisconsin DOT Terminal Type 2
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Standard Detail Drawing 14B3 - 2

References:

Bid items associated with this drawing:

ltem # Title

Standardized Special Provisions associated with this drawing:

STSP # Title

Other SDD’s associated with this drawing:

Design Notes:

Contact Person: Peter Amakobe (608) 266-2842

April 18, 2003

Figure A-32. Wisconsin DOT Terminal Steel Plate Beam Guard Class B
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Wyoming

1) Type C (Drawing 606-1 (sheet 10))
2) Type D - low speed terminal (Drawing 606-1 (sheet 11))
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wzwi 1160 x 190] A307 ] 1 y1781 I
WITHNUT & 2 WASHERS 23 = = "
kit 20 Ll %2
1'-6" x2'-0" x 1/4 H (AN " l | &
gggx 610 (gerEL | GROUND I |
BEAANGPLATE 1 = 6"[150] —A—— 1 — N
TSB X6 X416 x5-0" [ D BEARING PLATE DETAIL |
ELEVATION VIEW CNoATION gt o2
END E TYPE
fe=] Y
)
= =] END ANCHORAGE TYPE C - TRAILING END &W ARG 2 ARIMENL CORRUGATED BEAM GUARDRAIL
606-01C
[ TRANSPORTATION

Note: Units shown in brackets [ ] are metric and are in millimeters (mm) unigss other units are shown.

STANDARD PLAN

Flgure A-33. Wyoming DOT Terminal Type C
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fi GENERAL NOTES I ki
1. Appiication: When necessary, usethe 3. Grade terrain to 1V:10H or fatierinfront | & 817 O[T Fhfiaviid i ECTTEE:
short radius transition to shield hazards o rail and for 2 ft. [610] beyond posts, i VA SRCTURAL
at the intersecton of two roadways. then 1V:2H or flatter . STEEL TUBE
Typical applications include, butnot 4. Do not bott the rail to the CAT post g :
limited to, the following: at the center of te curve for the T RSINT—"§ N TACKWELD212" x2 12" x 14" 15" [B30]LONG
- Canal service roads at bridge ends. 8'-6"[2.6m], 17’ [5.2 m] and 25'-8" . [B4 x B4 x 8.4] STEEL PLATE WITH 58"@ x 1 12" [162 x 40] HEX HEAD BOLT memsmsecmmow—a&m
- Interruptions in guardrail runs by [7.8 m] radii. 19 x4" [250 x 100] 11/16” [17)2 HOLE TO STEEL AND NUT WITH RECTANGULAR WASHER TERMINAL CONNECTOR AND TO GUARDRALL
intersecting roadways, etc. o o s STUD THREAD FULL LENGTH Tuge UNDER BOTH HEAD AND NUT ELEMENT W/ (4) 58"8 x 1 14" [168 x 32]
5. Tighten outside nut against inside nut PLAN VIEW GUARDRAIL BOLTS W/NUTS
2. Only use the low speed end anchorage  with the cable installed taut between ATTACH W-BEAM TO PPE WITH 58"0 x 2"
ondwewaysandlgnwspeedservne the anchor plate and first post. ANCHOR DETAIL 162 x 50] GUARDRAIL BOLT AND RECESS 38" x 4" x 12" [10 X 100X 300)
roads. Whenever an approved Shop bend ardrai NUT WITH NO WASHER (NO CONNECTION TO POST) STEEL PLATE WELDED TO
crash—ﬁdendmm?nis‘:equired, 6. all curved gu . l!-!gl 10" [250)2 PIPE
use an Anchorage Type NO WASHER— CHOR BUFFER END SECTION
h,' #{—_ H:T:"ms]m
- : -
gh é—: 23 ! -E:"‘:‘:‘Jl\#- - il
T2= E—N— i [ SHORT RADIUS TRANSITION - END ANCHORAGE TYPE D e 2'[50] SIX 34" [19] CABLE CLPS,
§6 u ! ¥ |- TIGHTENNUTS ON U-80LTS
oS 1 S A o~
£ 23 25 247'[5101 e g
E B e APPLICATION TABLE Y40 x 90" [190 x 2745] CABLE
3 & 577,{7777/7/777/7177 OS] AvGLE | NO.CAT|  AREAFREEOF CURVED PAL WITH ONE SWAGED END
A =2 MAINTAN AREA A POSTS | FIXED OBJECTS FORANGLE = mmur'nmA@‘gm
x| g E T (B A= ) s L W | 5 | o | 15 410" O e :
§ H o= mmwmuerm * /, |12em | 754105 25 [76m]|15 48 m] |11 34 M[13 40m)|15 [46m] [1475) \ el 0
| 3 gg 1 7 mo = s o 15 2 | or | ar B e E?&‘mkw
L 569 ! 2 B2ml [giios | 7| BAml | 46ml | 67m) | @2ml | ©4m BOLT (EAGH FOUNDA
° i w . | 7585 7 ' '-8"!1/“‘)(2‘-0"(4&))(8)(610]
r . 4 20 @ ar iy
2 2 lfam] :‘fw g p22m) | @1m) | [01m | (122m) | (143m ST SN e P = e
E o 9 - POST® \—Ts8x6x 316" x5-0" POST@
- 350" o ) 50 20 48 55 [TS203 x 150 x 4.8 x 1525]
B d \ 1107 m) et —— [152m] | BAm] | [(140m] | (168m] | (195m] TION TUBES
2 \\ _.a ELEVATION VIEW
\ L END ANCHORAGE TYPE D LOW SPEED TERMINAL
7 e
15\ SLOPE BREAK LINE . 6" [150], ”
== 7°[180] L 58"2 x 10
S S———— GEENOES . - 1622 250]
\ B3 EVBANKVENT < gt
& é__::_,::—' e ﬁD SLOPE 1) s A (NO WASHER)
K- -—A” X® } %g[;g!a[m‘nr [53518._0..
JRREESS Jryves [18 =
=25 [7620] FOR 86" [2.6 m] RADUS (SEE TABLE FOR OTHER RADI) 126" [3810) END ANCHORAGE 2 y g
\__ SHORT RADKUS TRANSTION (SEENOTE2) a1k 2 ll‘”' L
GUARDRAIL PAY LIMIT END ANCHORAGE PAY LIMITS 6"x8"x6-0" =i
[150 x 200 x 1830] N
!POG’T ; ~
APPROACH ROADWAY OR DRVEWAY o8l T — 3
| == Y
== END ANCHORAGE TYPE D - FOR RADIUS Y OMING JEARTMENE CORRUGATED BEAM GUARDRAIL
_"N‘C
Note: Units shown in brackets [ ] are metric and are in millimeters (mm) uniess ofher urits are shown. ) TRANSPORTATION STANDARD PLAN

Flgure A-34. Wyoming DOT Terminal Type D
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1) Texas DOT Metal Beam Guard Fence Downstream Anchor Terminal
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Breokoway Coble Terminal (8CT)
Caoble Anchor Assemdly witn

Cable Brocket, Bearing Plote C3 x 5 x 80"

74" x 5" x 46"

6‘- 3" Non-Symmetrical

5%

~
N

6"

n

gl

-andor awore. ‘ound S+ -
ittt iiniid S DAT Terminal Post Tronsition Rall Sectlon 2-6 =)
g8 (See GF (31) for detail) Ve i
5% Fd= 17"
i ) i AN ' -
>
8| oeo— == : wwe | 1] [ | L |
¥ ' /
;8: @smlv Anm/ .@@@ PLAN Connection Splfce ! 46" | %- i —/
~§ End ot Concrete Rail | ;
oy payment for DAT (Ea.) A Holes
i (Sn note 2) [ /_mqln payment for Regulor A S !
@ 5~ 4 %" Roil section MBGF (Ft.), See GF (31) 16~ 3" Non-Symetr col ' &= |
ronsition Ro acl ] d ¢ 7d
(See Ceneracl! Note 2) | 1
‘:’§ @(nomueqx W-Beam Begin Length y g : 2%"Di |
gsc End Section | 6 - 3% 31 Y -1 % Need | i 2'- 6 | 2" Dia,
£ < A Hole !
£ts f f v— i i L]
;gs : (LON) 1 7" = |
EE oe + = ‘-l,“ = H —_—: SIDE VIEW FRONT VIEW i
5 T : =T N |
222 |t post, sieeve v o/ T F : | — iy TERMINAL POST i
223 toen %0 Sore piom ©l) 1% * - @ 7%"x 5 /"x 46" wood Post H
&t ~ ' '
-’g§ 2 S - properly install) | VA HEH ! ! I
333 “ OO ong o mointoin the 1 1 R A | e
§8 *eg Ye® IN) Vg system o 11 . ! | Direction of Traffic 1| 1 5 ~ 7" Dic. (ASTM A325 or A449) Heavy SIDE VIEW FRONT VIEW
2iE Tuoe Embedrent| | '/. (S5 1 1 Elnlehed r v Hex Heod Bolts, with two 1 ¥ "0.D.
28y R ool covle A %A tuwe projection is | | Grode L it washers under ecch heod ond nut. Bolts STEEL FOUNDATION TUBE
e T o e Brochet 11 required cbove the | | ] " shal| be of sufficient length to extend e
g2y i with Hordware ' 1 finished grode. ] ELEVATION [ L through the full thickness of the roil, @ x 8"x /3" x 72" Steel Tude
38 T ra el war % washer, ond nut. Install with bolt heods
£ 15w Note 1) on troffic foce.
=t A A~ nowsmcm ANCHOR TERMINAL (DAT) ;
> Steel Foundation ST TR TR eT L B . .
i1 ® Tbes wiih o oare ® o COROS SO UM [Nt podted outs Cnamfer required on concrete rails “ (DAT) PARTS LIST |aTy,
5% m. norlzmml clearance orea of opposing tru-mc. that extend beyond the foce of the
13 guardral | tronsition. () [Stest Foundation Tue 2
55
Egg 10°- 4 V" Terminol G rpEm—— (2) [oaT Terminal Post 2
Sar o - 4 To ensure o stable connection. (12} Rectangulor ) [croner strut 2
52 2 Woshers (FWRO3) are required under the recessed
-.g PR 120 31 Y nuts ot the Terminal Comnection spiice. @ Terminal Rall Element 1
Ny gl (5) [sreif angle Brocket f
©  sge=2 =
D g EE S = " i 80~ , @ BCT Becring Plote 1
Z s = e 5 i (7) [5cT Post sieeve T
— === = = (8) [Guorarait Ancnor Brocket [
— NV — | - 77% 77777777777 —=C - 3) | (Roundea) w-Beam £na Section | 1
weld _ spaces ot 4° s ) |8cT coble Anchor 1
ariate I, S e (© TERMINAL RALL ELEMENT FoR oAT - N = " [Recssses wor, Gorarari | 20
e Bent Plote 4y /2%“. 2l 51‘07: (TYR) 2Y" 2) |1 Ya" Button Heoo Bolt 4
J L
2" 16" x 12 %" x % - e 3) [10” Button Head Bol+ 2
o | l 1o 3w d 510 toof [T] ()  CHANNEL STRUT _ en
- | 4 of plote -3 8- €3 x 5 x 80", Grace A36 4) | %" x 2" Hex Heod Bolt 8
d 3¢ Splice Bolt 5) [%" x 8" Hex Heod Bolt 4
d i I
e "/*ar——r' iy sl ,‘K:.) . 1:%"/blo o) [%" x 10" Hex Heoa Boit 2
2 Note: Drive nails ond GENERAL NOTES .
16°| 4= ) 7\ %o prevent pilate ratas ion = m 7 |%° Fiat Wosher 18
J . L 1. The DAT detail shown is the minimum Length of
I _e J | L e = @ BEARING PLATE Need (LON) for o DAT connected to o concrete rail.
J L
. 8"x 8" g 2. The rail section ot the end post is supported by the
& - LAE s A Sheif Angle Brocket. The rail siement is not attoched Texas Department of Transportation
| End Plate : . 2 to the end post. Dasign Dhvision Standard
ofo od (B
2" e||| 9\ ® 3. The foundotion tubes sholl not project more thon 3 %*
’»‘m’fl,‘l' %= 30 above the finished grode.
Brockef—\IEnd Plate . 12 I | 16 —l ' 4, All hordware for DAT shall be ASTM A307 unless METAL BEAM GUARD FENCE
otherwise shown.
_____iff .
® l % 1 — 5. Refer to GF(31) sheet for terminal connection detalls. (Downstream Anchor Terminal)
* f
" Vax
e e
AL ] MOW STRIP INSTALLATION GF (31)DAT-11
4 U h If o mow strip is required with the DAT instcllation Sf3idelt. o e I Y Y )
L AR o 1 ‘/z'——l I._ the leave-out orec oround the steel founcation tubes Decermer 2071 o [wm] | oeer
e h * and the two channel struts may be omitted. This will es
require o full pour at the foundation tubes. — — —

DATE:

S (@ cuarDRAIL ANCHOR BRACKET

@ W-BEAM END SECTION (ROUNDED) (12 GA.)

@ SHELF ANGLE BRACKET

Figure A-35. Texas DOT Metal Beam Guard Fence Downstream Anchor Terminal
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1) Type SFT
2) Single thrie beam barrier end anchor

3) Anchored in backslope rail
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96¢

DIST| COUNTY ROUTE
D). Hath
REGISTERED CIVIL EnGIMEER ’bx‘
H nnu[ ;\
May 1, 2006 e [
FLANT AFPROVAL DATE &
Tho Siaw o Catfernis or F oiows or .
agents sfol ¥ Do ressatsitie For e oocuragy
.I:@owbw & mactrand codlad oF TS e
/?'f." x 6" x 3'-6%" wood post Te g 0 e Camans wab sl go 5 F ewcttcageoe
n " m { Line post
£ 8" x 8" x B 1V @ Hole ~5ail plate {wocd post shown)
Cable 3 chor
Connection - " @ Anchor cable
adfies, L i
DETAIL A = Derall &= = n,
CABLE CONNECTION ' : T
I
END PLATE | -
b NOTES: N
Top of
wood post - -‘G) 1. Sae the AT7E, ATTF and 477G series of Standard Flans for typical use §
T .r_. of End Ancher Asssmbly {(Typs SFTI.
MEGR I Tk SV x 3ee i i B3 .
&lemant r—"l Wood post Top of ‘ 2. Far detalls of the anchor plate and cable, see Standard w
ra Flan ATTH3.
A L~ %" # Button Fead bolt with 2 -4
——+ hex ruT and washer on threaded — 3, & §°-0" leng+h stesl foundation fube, TS 8 % & % ¥, without a ™
H end. ko washer on rail face for sail plate, may be turnished and installed in place of the 4'-&"
bolted conrection to post. length q'hasl foundat tube and soil Plcﬂe shown. Minimum embadment (R
Fhe lerigth tube shall be 5° @ hex head balt
and nit shall be installed in the hole m e 60" length tUbe +o o
" 2 V" Hole "E‘,;‘.. = keep the wood post from dropping Into +he fube, T
3 wood post for 4" @ Hewx e | -
Favement head bel+ attachment A fnchor £ 5,) 4. Direction of Troffic INAICATEd DY  medme . F )
or ground . =]
e — =.l T ¥ # Ancher
\\ cable (See Note 2] Pavemant or -
4 / Ground |ine
f - T T ;
T 2" @ Std salv :| s 1n —
—soil plate 4" thick stas] 3% 2 hola. Tn wood post S,/ — =
plate, 18" x 24" — ! !
— %" 8 x 215" Hex head __
bolt with hex nut and washer =
=
=‘.‘ ———— %" # Hex he=od bolts =
. ! :| =
attach steel scil plate | 5]l plate -k
to_steel foundation tibe I I P
with 5" @ x 715" hex 1 !
h';:m balts wH—n rex nuts | |J
"¢ holes In plote and
in two sides of ths tubs =, ¥ o Steel Fourdation +ubs
to gccommodare hes bolt). —|—y—|—l/_,- (588 Note 3).
| |
4 L JI-__—A'—&" Steal toundation N L _ 1
tubs TS B w6 x ¥ L,
- Ses Hote 3 — A
SECTION A-4A ELEWVATION
EMD ANCHOR
A 4 / < 4 STATE CF CALFORNIA
ASSEMBLY (TYPE SFT) DEPARTMENT OF TRANSFORTATION
e METAL RAILING
NO SCALE
yimg

Figure A-36. Type SFT
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End An h<>r Assemby
Type SFTh—

- S T 310"
Wood post

Top of rail

31

L ITL RN e y
EMD ANCHCOR FOR TRAFFIC DEPARTURE END
OF SINGLE THRIE BEAM BARRIER

IFor ans-way rogdeays)
Sea Mote 1

FOAT_WILE:

] ToTaL
os] conry | Roure | pofS eniiERr R | e

FLANS SPPROVAL DATE

7

ﬁg,_,.._bg;, b, el e

REGISTERED GOVIL EnGINEER ataadn,
o
= (o1 0. Wit

Nay 1, 2006 r: TR

|

3007 /
The St o Cattrormd o oy orrioara or R /»
et el o7 o resicaible o e sy b UL,

o7 cmanarmsa o macrints cies of T8 Sn e E o e g
2t T

Te gt fo fhe Cofirns web s, g0 o e wcofongor

NOTESE

- For additicnal details of End Anchor Assembly {Type SFTI,
see Standard Plan &7THT.

2. The b=a
the terminal sysatem connectlon +o the the
a "W beam rail.

m to thris beam saction is onlr r;qulrgd wrl\o !
& beam barrler ls

3. In-line Terminal System End Treatments are used where site
llll||1‘|l’n" will rat accemmedate o flared end treatment.
fe of terminal system +o be used will be shown on the
Pr0||-c Plans.

& Caltrans approved crash cushion should be used in placa of
a terminal eystem end freatment where the backslde of the
railing would be sxposed to traffic.

.”‘

4 &'-0" length steel foundation tube, T5 & o Hen
~|+h|: Ut a soil plate, mdy be furhished gnd Shetal
the 4°-8" length steal Toundation fube and 5
Winimum smbedmant of the &'- -0" length tubs shall ba
5-0%, 4 3" # hex hegd bolt and nut shall be [netalled In
he hols'in tha &'-0" Iengfh 1ut‘9 to kesp the wood post
from drepping Into +he +ul

@

Dlrsctlon of adlacent trafflc INdlcated DY e -

§'-3" I STEB ’

Caltrans approved [M-Line er Flared Termirgl System
See Notes 3 and 4

—

L6¢

| beam slement,

TransT+ion Sectlon
ses Note 2)

W' beam to thrie

)

Lap rall elements In | Iu]u-.

7
- —
T
o

Ly
-
T

Y
£

direction of traffic) el
1
i
1

O —f
———
o

=

Ground Ine
or surfclc'lnq/

|
|
L L

—
—
[
—
—
—

WA M

END TREATMENT FOR TRAFFIC APPROACH END

OF SIMGLE THRIE BEAM BARRIER

Iil k H
Iil standard |

TR (e i
1 1
| |

i

1 1
i |
[ [
| |
| |
I I

STATE OF CALIFORMIA
DEPARTMENT OF TRANSPORTATION

SINGLE THRIE BEAM BARRIER
END ANCHOR ASSEMBLY AND
TERMINAL SYSTEM
END TREATMENT

NO SCALE

ATBE1

L138.¥ NV1d QUVANYLS 9002

L=t

Figure A-37. Single Thrie-Beam Barrier End Aanchor
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i 6-3"
T T — - T
N =7 e
! | ° S \
Lire post— 1 el ~ | 1] |
LA
AN —7E \ i
~ _— | |
] Ground line=" L) -
s m——
= - 6 = 8" x &'-0" wood lina post ar ||
x 9 steal |line post 6°-0" length
fwco:l IIne post shown) ||
I
N
(e} .
o BURIED POST END ANCHOR
See hots 3
We % 15
Post, g We x 15 Steal

Rail =lsment

SN

M
—{+ —-{J\_

=

DETAIL A

e —\ 14" # Holes
CETAIL B

post, Sea Detail &,

s '.;)
f

" Min cover over P
top of post —
T L
T *E
=
af
o

1w T
E washer -
See Detall B.

—— WB x 15 Steel post,

8'-0"length, See Detall A.

1" HS bolt 2!
l=ngth with hex nut
dhel cut wasker

SECTION A-4

- st

FOST WILES
p157| counTy | RoUTE ETERT

[EHEET] TaTaL
TOTAL FR: WL

SHEETS

REGISTERED COWIL EWGNEER

May 1, 2006
FLANS AFPROVAL DATE
Tho sto or Calfurnts ot oiriowa or

s st e s resseraie
b A L

To g fo the Cofrans wab s, g0 Tar e e ongoy

NOTES:

1. For typical use of This _ty
railing, ses the &77E, &77
Standard Flans.

of end ancher, with guard
and 4776 Series of t

e

Heles axcavation in the slope to construct the buried

post end ancher shall be backfilled with salscted sarth,
placad in layers approximataly 1'-0" thick. Ea
layer shall b= meistened and theroughly ccmpacted.

Fa

The burisd post end anchor shall enly be constructed ot
those |ocotlons where the slope perpepdicular to the
rogdway I8 non-traversable.

Z2I.ZlV NV1d QUVANY.LS %002

STATE OF CALFORNIA
DEFARTMENT OF TRAWSFORTATICN

METAL BEAM GUARD RAILING
BURIED POST END ANCHOR

NO SCALE
ATTI2

T

Figure A-38. Anchored-in-Backslope Rail
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October 28, 2013

MwRSF Report No. TRP-03-279-13

TRINITY HIGHWAY PRODUCTS, LLC.
Plant #55
425 E. O’ CONNOR AVENUE
Lima, OH 45801
419-227-1296

MATERIAL CERTIFICATION

CUSTOMER: STOCK DATE: MAY 05,2011

INVOICE #

| LOT NUMBER: 110325L

PART NUMBER 3500G QUANTITY: 16,659

DESCRIPTION: 5/8”x 10” GR BOLT DATE SHIPPED:

SPECIFICATIONS: ASTM A307-A /A153 HEAT# 20134300 & 20134310

MATERIAL CHEMISTRY

C | MN P S SI | NI [CR | MO.| CU |'SN \4 AL N B TI

.08 .34 .009 | .004 | .05 | .04 |.04 | .01 [.09 |.009 |.001 | .030 | .008 | .0002 | .001

.001

.09 35 .009 | .004 | .06 |[.04 |.04 | .01 |.08 [.008 | .001 |.024 | .007 | .0001 | .001

PLATING AND/OR PROTECTIVE COATING

HOT DIP GALVANIZED (OZ. PER SQ. FT.) | r 2.59 Avg.

**x*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA****

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE
U.S.A

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOW, ALL INFORMAATON

CONTAINED HEREIN IS CORRE!

ITY HIGHWAY#RODUCTS, LLC.

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE ME
THIS 5™ DAY OF MAY, 2011

gk&m‘ iﬂm%umww NOTARY PUBLIC

425 E. O "CONNOR AYENUE LIMA, OH 45801 419-227-1296

Figure B-1. 0.625-in. (16-mm) Post Bolts, Test Nos. DSAP-1 and DSAP-2
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FILE

CHARTER
STEEL

I CHARTER::

SSTEEL S5

CHARTER STEEL TEST REPORT

A Division of
Reverse Has Text And Codes

Charter Manufacturing Company. Inc.

October 28, 2013
MwRSF Report No. TRP-03-279-13

1658 Cold Springs Road
Saukville, Wisconsin 53080
(262) 268-2400
1-800-437-8789

FAX (262) 268-2570

[ CustPO. 139855M-3

L. ) | Customer Part # 100941B
Trinity Indt/stries Inc. | Charter Sales Order 70016981
425 E. O Conner Ave [ Heat # 20134300
Sue Henline Ship Lot # 2011626
Lima,OH-45801 Grade | 1010 RAK FG RHQ 41/64
Kind Attn :Sue Henline Process | HR
Finish Size | 41/64

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards listed

below and on the reverse side,and that it satisfies these reguirements.

- Test Results of Heat Lot¥ 20134300

Lab Code: 125544
CHEM c MN P S Si Nt CR Mo cu SN v
%Wt .08 .34 009 .004 .05 04 .04 01 .09 .009 .001

AL N B T NB

.030 .0080 .0002 .001 .001
CHEM. DEVIATION EXT.-GREEN =

Test Results of Rolling Lot# 2011626 o
REDUCTION RATIO = 152:1
Specifications: Manufactured per Charter Steel Quality Manual Rev 9,08-01-09
Meets customer specifications with any applicable Charter Steel ions for the fol! cl doct ts:

P

Customer Document = ASTM A29-05 Revision =05 Dated =

" Additional Corﬁmems: Fax Number - 222-7398

RECEIVED
MAR 17 2011

TRINITY HWY PRODUCTS, LLC
tima,Ohlo  Plant55

" Charter Steel
Cuyahoga Heights, OH, USA

ACCRED
e e o Tacstag Libamtasy
Rem: Load1,Fax1,Maild Page 1 of 1

"y

Janice Barnard

Manager of Quality Assurance
031712011

Figure B-2. 0.625-in. (16-mm) Post Bolts, Test Nos. DSAP-1 and DSAP-2
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CHARTER e
'STEEL

A Dhvision of
Charter Manufacturng Company, frc.

Reverse Has Text And Codes

TrinRty Industries Inc.
425 E. O Conner Ave
Sue Henline
LIma,OH-45801

Kind Attn :Sue Henline

CHARfER STEEL TEST REPORT

October 28, 2013
MwRSF Report No. TRP-03-279-13

B 3-9a-7/
1658 Cold Springs Road

Saukville, Wisconsin 53080
(262) 268-2400
1-800-437-8789

FAX (262) 268~2570

139855M-3
100841E
7001638
20134310
2011625
1010 RAK FG RHQ 41/64
HR
41/64

| hereby certify that the macerlal described herein has been manufactured In accordance with the specifications and standards listed

below and on the reverse side,and that It satisfies these requirements.

Test Resutis of Heat Lot 20134310
Lah Code: 125544

CHEM c L] P s sI Nt CR MO cu v
%W .09 35 008 004 08 04 04 .01 .08 001
AL H a8 T NB
.024 0070 0001 001 a1
CHEM. DEVIATION £XT.-GREEN =
Test Results of Rolling Lot 2011825
REDUCTION RATIO = 152:1
=
Spacifications: Menufactured per Chartar Steel Quality Manual Rev 9,88-07-03
Meats customer specifications with any applicable Charter Steef for the following !
Customer Dacument = ASTM A29-05 Revisioni= 05  Dated =
Additional Comments: Fax Mumber - 222-7398
RECEIVED
MAR 15 2011
TARINITY HWY PRODUCTS, LLC
Lima,Ohlo  Plant 55
Charter Stest
Cuyahega Heights, OH, USA
+
A M Ja&uce Bgmar d :
Rl ani ua
Rem: LoadT, Fax1,vall0 Page 1ol 1 ager 032 s fssu'a"m

Figure B-3. 0.625-in. (16-mm) Post Bolts, Test Nos. DSAP-1 and DSAP-2
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AU

TRINITY HIGHWAY PRODUCTS, LLC.
425 E. 0’CONNOR AVENUE
LIMA, OHIO 45801
419-227-1296

MATERIAL CERTIFICATION

| CUSTOMER: STOCK [
. | DATE: MARCH 31, 2011

| INVOICE #:

LOT #: 110318N2

PART NUMBER: 3340G QUANTITY: 106,000
[ v
DESCRIPTION: 5/8” GR NUT DATE SHIPPED
SPECIFICATIONS:

ASTM A563-A/A153

HEAT # 20131470 & 20131460

MATERIAL CHEMISTY
T T o]
| ¢ | MmN P S sI | NI | CRr MOiCU‘SN v | AL N B‘T[ NB
08 .35 007 | .004 |.07 }.05 osi 02 .09‘ 007 1.004 | .023 | .008 | .0001 | .001 | .001
’.09 36 008 | .004 105 .04 .og 01 | .09 J 006 |.004 | .025 |[.006 | .0002 | .001 ] .001
1

PLATING AND/OR PROTECTIVE COATING

—

uIOT DIP GALVANIZING (OZ. PER SQ. FT.) | 2.52 AVG.

FRATIIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.S.A.

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE/ALL INFORMATI &

CONTAINED HEREIN IS CORRE

"STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE ME

S 31°T DAY OF MARCH; 2011
b B oM NOTARY PUBLIC

IGHWAYFRODUCTS, LLC.

425 E. O’CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

Figure B-4. 0.625-in. (16-mm) Post Bolt Nuts, Test Nos. DSAP-1 and DSAP-2
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Trinity Metals Laboratory

A DIVISION OF TRINITY INDUSTRIES

4001 IRVING BLVD. 75247 - P.O. BOX 568887
DALLAS, TX 75356-8887

Phone: 214.589.7591 FAX: 214.589.7594

pvIAD

NVLAP LAB CODE 200654-0

Lab No: 11040021F

KEITH HAMBURG

TRINITY HWY PRODUCTS, LLC #55
ROLLFORM

LIMA, OH 45801

Received Date: 04/04/2011

Heat Code:

Heat Number: 20131460 & 20131470
PO or Work Order: 110318N2

Completion Date: 04/04/2011
Weld Spec:
Material Type: A 563 A
Material Size: 5/8" GR Nuts

Test Spec: F606 ASTM METHODS

Other Information: 55-61597

HARDNESS TEST:

Hardness Type: HARDNESS ROCKWELL BW
Hardness Location: Surface of Wrench Flat A
Hardness Average: 86.5

Hardness Type: HARDNESS ROCKWELL BW
Hardness Location: Surface of Wrench Flat B
Hardness Average: 84

Hardness Type: HARDNESS ROCKWELL BW
Hardness Location: Surface of Wrench Flat C
Hardness Average: 87

Hardness Type: HARDNESS ROCKWELL BW
Hardness Location: Surface of Wrench Flat D
Hardness Average: 87.5

Measured Value Measured Amt ‘ PASSED
Measured Value . 86 |
Measured Value 87 - '
. PASSED
Measured Value Measured Amt
Measured Value 84
Measured Value 84
PASSED
- Measured Value Measured Amt
Measured Vaiue 87
Measured Value 87
PASSED
Measured Value Measured Amt
Measured Value 87
Measured Value 88

d-pd)

LG

We certify the above resuits to be a true and accurate representation of the sample(s) submitted. Alteration or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-11.This report may not be used to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the federal governrient.

Page 10of 2

Lab Director, Michasl S. Beaton, PE.

Figure B-5. 0.625-in. (16-mm) Post Bolt Nuts, Test Nos. DSAP-1 and DSAP-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

Trinity Metals Laboratory

A DIVISION OF TRINITY INDUSTRIES

MvIAD

4001 IRVING BLVD. 75247 - P.O. BOX 568887 ...
DALLAS, TX 75356-8887
Phone: 214.589.7591 FAX: 214.589.7594
Lab No: 11040021F Received Date: 04/04/2011 Completion Date: 04/04/2011
KEITH HAMBURG Heat Code: Weld Spec:
TRINITY HWY PRODUCTS, LLC #55 Heat Number: 20131460 & 20131470 Material Type: A 563 A
ROLLFORM PO or Work Order: 110318N2 Material Size: 5/8" GR Nuts
LIMA, OH 45801 Test Spec: F606 ASTM METHODS
' Other Information:  55-61597
PASSED

Hardness Type: HARDNESS ROCKWELL BW Measured Value Measured Amt

Hardness Location: Surface of Wrench Flat E Measured Value : 87

Hardness Average: 86.5 Maasirsd Valie 86

OTHER TEST:

Type: NUT PROOF LOAD (to 30K) Quantity amount: 5

Samples PASSED proof loads of 16,950 lbs.

Type: HEAD MARKINGS Quantity amount: 1

TRN N 5

We certify the above results to be a true and accurate representation of the sample(s) submitted. Alteration or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-11.This report may not be used to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the federal government.

Lab Director, Michael S. Bealon, PE
Page 2 of 2

Figure B-6. 0.625-in. (16-mm) Post Bolt Nuts, Test Nos. DSAP-1 and DSAP-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

HLE 1658 Gold Springs Road

CHARTER |
STEEL Saukill. Wisconsin 53050

(262) 268-2400

e CHARTER STEEL TEST REPORT 1-800-437-8789
£ 5 Text And Codes -
Charter Manfacturing Company, loc. Reverse Has Text o ) FAX (262) 2682570

Trinity industries inc.
425 E. O Conner Ave
Sue Henline
Lima,OH-45801

Kind Atin :Sue Hendine

1010 RAKFG RHQ 1-

1-7i32

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards fistad
below and on the reverse skie,and that it satisfles these requirements,

- Test Resuhts of Hept L ot# 20131480
Lab Code: 125544 .
CHEM c MN P 5 s1 M - CR RO cu SN v
%Wt | 09 a8 008 004 05 04 08 01 08 008 004
AL N B mn NB

025 L0080 0002 001 601

CHES4. DEVIATION EXT.-GREEN =

Test Results of Roling Lotd 2010854
REDUCTION RATIO = 42:1
Specifications: Vanufactured per Charter Steel Quality Manual Rev 5,08-01-08 -
: Meets customer specifications with any applicable Charter Steel P for the foliowing d
Customer Document = ASTM A29-05 Revislon=05 Dated=
A [¢ Fax - 222-7398
RECEIVED
MAR 11 2011
TRNITY HWY PRODUCTS, LLC
Lime,Ohlo  Plant 55
Charter Steed
Cuyshoga Helghts, OH, USA
- +
Janice Bamard
Rer: Load1,Faxi, Va0 e e

— ¥ i # S S s i =

D R . ———

Figure B-7. 0.625-in. (16-mm) Post Bolt Nuts, Test Nos. DSAP-1 and DSAP-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

CHARTER FILE 1658 Cold Spdﬁgs_ Road
STEE L y ' Saukville, Wisconsin 53080

(262) 268-2400

CHARTER STEEL TEST REPORT 1-800-437-8789
Charler Manufacturing Company, Inc. . Reverse Has Text And Codes

FAX (262) 268-2570

138854M -4

1008448

Trinity industries Inc. 70017174
425 E, O Conner Ave 20131470
Sue Henline 2010863
L{m,DH-45801 ) - 1010 RAK FG RHQ 1-7/32
Kind Attn :Sue Henline HR
) 1-7/32

| hereby certify that the material described herein has been manufactured n accordance with the specifications and standards listed
befow and on the reverse side,and that It satisfies these requirements.
Test Results of Heat Lot 20131470

Lab Code: 125544
CHEM

c MN P S s NI CrR MO - Cu SN v
%Wt .08 a5 007 004 £7 05 .05 02 .09 007 004
AL N B NB .

R
-023 0080 0001 .co1 B0

a

CHEM, DEVIATION EXT.-GREEN =

' Test Results of Rolling Lot# 2010883
REDUCTION RATIO = 42:1

Specifications: Manufactured per Charter Steel Quality Manual Rev 9,08-01-08
. Meets customer specifications with any applicabla Charter Steel plions for the following d
Customer Documnent = ASTM A29-05 Revision=05 Dated =
Additional Comments: Fax Number - 222-7398
RECEIVED
TRWNITY HWY PRODUCTS, LLC
Lims,Ohlo  Plant 55
Charter Stael
Cuyshoga Heights, OH, USA
+
- Janfica Bamard
Rerm: Lod1,Fax1 Malo Page1of1 . BnAgEr o RPN Srsirmnns

Figure B-8. 0.625-in. (16-mm) Post Bolt Nuts, Test Nos. DSAP-1 and DSAP-2
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€25 E. O'Co;
e - T

| Customer: MIDWEST MACH.& SUEPLY €O, Sales Order: 1093497 Print Date: 6/30/08
J P. 0. BOX 81097 Customer PO: 2030 Project: RESALE
} BOL# 43073 Shipped To: NE

; Document# 1 Use State: KS

|

LINCOLN, NE 68501-1097

j Trinity Highwav Products. LLC

| Certificate Of Compliance For Tririty Indusiries, Inc, ** SLOTTED RAETBWAL**
|
|

NCHRP Report 350 Compliant
|
| Places Description
7 S/8"X10" GR BOLT A307
02 5/8"X18" GR BOLT A307
32 1" ROUND WASHER Fad4
¢4 1" HEX NUT A563 N
| 152 WD 60 POST 6X8 CRT ; MESDHBK
192 . WD BLK 6X8X14 DR
i 64 NAIL 164 SRT
! ¢4 WD 39 POST 5.5X7.5 BAND
o 2 STRUT & YOKE ASSY
S 128 SLOTGUARD'Y9§ ' G vowd . :
® 2 3/8X 3 X4 PL WASHER Crvand. Stwut
CHCHsS 3-8

Jpon delivery, all materjals subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

2-761-3288

$.\LL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT
LL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
oL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
@IOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED [N ACCORDANCE WITH ASTM A-153, UNLBSS OTHERWISE STATED.
° OIUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALFD STUD 1" DIA. ASTM449 AASHTO M30, TYPE Il BREAKING

O TRENGTH - 49100 LB : )
s'mtec»fO]::'.o,C{:mtj,' of Allen. Swom and Subscribed before nfe this 30¢th day of June, 2008 ”

g ) Trinity Highway Products, LLC p
2 :

W8 'otary Public: & Certified By:
O o emtosinn Rynirme A ald /,.j_ 20f 4

Figure B-9. Groundline Strut and Yoke, Test Nos.DSAP-1 and DSAP-2

€1-6/2-€0-dY.L 'ON Moday 4SHMA

€702 '8¢ 1990100
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Table B-1. Bill of Materials for Test No. WIDA-1

ItemNo.| QTY Description Material Specifications Reference
) ASTM A992 Min 50 ksi [345 MPa]
al 25  |W6x8.5 6' [W152x12.6 1,829 mm] Long Steel Post (W6x9 ASTM A36 Min 36 ksi [248 MPa]) NAVY BLUE TAGS 12-0348
a2 25 6x12x14 1/4" [152x305x362 mm] blockout SYP Grade No. 1 or better NAVY BLUE TAGS 12-0356, 11-0025
a3 1 6'-3" [1,905 mm] W-Beam MGS Section 12 gauge [2.7 mm] AASHTO M180 "WB1" w/GREEN 12-0034
a4 12 12'-6" [3,810 mm] W-Beam MGS Section 12 gauge [2.7 mm] AASHTO M180 HEAT #4614 12-6_4614
ab 2 12'-6" [3,810 mm] W-Beam MGS End Section 12 gauge [2.7 mm] AASHTO M180 HEAT #4614 12-6_4614
a6 1 W-Beam Rounded End Section 12 gauge [2.7 mm] AASHTO M180 BLUE PAINT 12-0358
b1l 25 5/8" Dia. x 14" [M16x356 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH Eg_IL_T 15_ EZDO:Z-O%EH NAVY BLUE 12-0348
b2 25  [16D Double Head Nail - 16D-1
b3 4 5/8" Dia. x 10" [M16x254 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH EI(L)J#T 12'“92\3: BLUE 12-009%8
b4 116 |5/8" Dia. x 1 1/4" [M16x32 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH BOLT AND NUT: 12-0204
b5 44 |5/8" [16 mm] Dia. Flat Washer ASTM A153 PLAIN 090453 / BLACK 12-0019, BLUE 12-0098)
cl 4 BCT Timber Post - MGS Height SYP Grade No. 1 or better BLUE TAGS 11-0025
c2 4 72" [1,829 mm] Long Foundation Tube ASTM A53 Grade B REQ: 090453-7 AND 090458
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized 090453-8
. BLACK PAINT, STAMPED WITH "A3", HEATS V911470 AND
c4 2 8x8x5/8" [127x203x16 mm] Anchor Cable Bearing Plate ASTM A36 Steel 18486
c5 2 |BCT Anchor Cable Assembly 8/é-in. [19-mm] ?Zli?e“é\g:ec IPS Galanized |0 ey b AINT, REEL # 428-277631-1-2-3
c6 2 Anchor Bracket Assembly ASTM A36 Steel 1BSIZQGCK PAINT, STAMPED WITH "A2", HEATS VOL1470 AND
c7 2 2 3/8" [60 mm] O.D. x 6" [152 mm] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 REQUISITION: 09-0458 HEAT # 280638
c8 4 5/8" Dia. x 10" [M16x254 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH E(L)J#Tlgl(/;\z\(/); BLUE 120098
c9 16 5/8" Dia. x 1 1/2" [M16x38 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH l?l(L)J'IL'T 1;1(;38263
c10 4 7/8" Dia. x 7 1/2" [M16x191 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH 12-0037
cll 7/8" [22 mm] Dia. Flat Washer ASTM A153 12-0037

8
(*) MIIT Certification not provided

€1-6/2-€0-dY.L 'ON Moday 4SHMA

€702 '8¢ 1990100
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Table B-2. Bill of Materials for Test No. WIDA-2

ItemNo.| QTY Description Material Specifications Reference
) ASTM A992 Min 50 ksi [345 MPa]
al 25  |W6x8.5 6' [W152x12.6 1,829 mm] Long Steel Post (W6x9 ASTM A36 Min 36 ksi [248 MPa]) NAVY BLUE TAGS 12-0348
a2 25 6x12x14 1/4" [152x305x362 mm] blockout SYP Grade No. 1 or better NAVY BLUE TAGS 12-0356, 11-0025
a3 1 6'-3" [1,905 mm] W-Beam MGS Section 12 gauge [2.7 mm] AASHTO M180 "WB1" w/GREEN 12-0034
a4 12 12'-6" [3,810 mm] W-Beam MGS Section 12 gauge [2.7 mm] AASHTO M180 HEAT #4614 12-6_4614
ab 2 12'-6" [3,810 mm] W-Beam MGS End Section 12 gauge [2.7 mm] AASHTO M180 HEAT #4614 12-6_4614
a6 1 W-Beam Rounded End Section 12 gauge [2.7 mm] AASHTO M180 BLUE PAINT 12-0358
b1l 25 5/8" Dia. x 14" [M16x356 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH Eg_IL_T 15_ EZDO:Z-O%S/ NAVY BLUE 12-0348
b2 25  [16D Double Head Nail - 16D-1
b3 4 5/8" Dia. x 10" [M16x254 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH Elg#TlZNOAZ\éZ BLUE 12-0098
b4 116 |5/8" Dia. x 1 1/4" [M16x32 mm] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH BOLT AND NUT: 12-0204
b5 44 (5/8" [16 mm] Dia. Flat Washer ASTM A153 PLAIN 090453 / BLACK 12-0019, BLUE 12-0098
cl 4 BCT Timber Post - MGS Height SYP Grade No. 1 or better BLUE TAGS 11-0025
c2 4 72" [1,829 mm] Long Foundation Tube ASTM A53 Grade B REQ: 090453-7 AND 090458
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized 090453-8
. BLACK PAINT, STAMPED WITH "A3", HEATS V911470 AND
c4 2 8x8x5/8" [127x203x16 mm] Anchor Cable Bearing Plate ASTM A36 Steel 18486
c5 2 |BCT Anchor Cable Assembly 8/4-in. [19-mm] ?l)\(/:felg\gig IPS Galvanized |0 ey b AINT, REEL # 428-277631-1-2-3
c6 2 Anchor Bracket Assembly ASTM A36 Steel 1BSI;1'§63CK PAINT, STAMPED WITH "A2", HEATS VOL1470 AND
c7 2 2 3/8" [60 mm] O.D. x 6" [152 mm] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 REQUISITION: 09-0458 HEAT # 280638
c8 4 5/8" Dia. x 10" [M16x254 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH E(L)J#Tlglg\z\(/); BLUE 12-0098
c9 16 5/8" Dia. x 1 1/2" [M16x38 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH EI(L)J'IL'T 1;1628263
c10 4 7/8" Dia. x 7 1/2" [M16x191 mm] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM 563 DH 12-0037
cll 7/8" [22 mm] Dia. Flat Washer ASTM A153 12-0037

8
(*) MIT Certification not provided

€1-6/2-€0-dY.L 'ON Moday 4SHMA
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Customer:

HT # code
L81665
183827
L 83786
L83766
L81670

GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508
Canton, Ohio 44708

Bolts comply with ASTM A-307 ons and are galvanized in 1ce with ASTM A-153, uniess otherwise stated.
Nuts comply with ASTM A-563 sp jons and are gal d in accordance with ASTM A-153, uniess otherwise stated
All other galvanized material conforms with ASTM-123 & ASTM-653

Al steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States"

Ali Guardrail and Terminal Sections meets AASHTO M-180, All structural steel meets AASHTO M-183 & M270
All Bolts and Nuts are of Domestic Origin

All matenial fabricated in accordance with Nebreska Department of Transportation

All controlled oxidlzedl_ooﬂ}snon re.s1stanl| ,/G,ua'rg[ail and terminal sections meet ASTM A606, Type 4.

By: /{(« otz {/’{/&c .
Andrew Artar
Vice President of Sales & Marketing “

Gregory Highway Products, Inc

Test Report DATE SHIPPED: 02/29/12
MIDWEST MACHINERY & SUPPLY CO B.O.L. # 5239AA-1
2200 Y STREET Customer P.O.: 2551
Shipped to: MIDWEST MACHINERY & SUPPLY CO.
LINCOLN,NE,68501 Project: STOCK
GHP Order No. 5239AA
C. Mn. P. S. Si. Tensile Yield Elong. Quantity Class Type Description
0.1 0.8 0.01 0025 0.19 63000 53300 20 200 2 6IN WF AT 8.5 X 6FT 0IN GR POST
0.09 0.94 0.013  0.031 0.23 70400 56300 24 200 2 6IN WF AT 8.5 X 6FT OIN GR POST
0.09 0.85 0.011 0038 0.23 66500 52300 20 200 2 6IN WF AT 8.5 X 6FT OIN GR POST
0.09 0.88 0.011 0036 0.19 67200 53300 21 200 2 6IN WF AT 8.5 X 6FT 0IN GR POST
0.09 0.92 0.014  0.028 0.2 62000 47400 21 50 2 6IN WF AT 8.5 X 6FT OIN GR POST

STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed hafreme,a

otary Public, by

James P. Dehnke
~v Public, State of Ohio
mission Expires 10-19-2014

Figure B-10. W6x8.5 6' (W152x12.6 1,829 mm) Long Steel Post,, Part al, Test Nos. WIDA-1 and WIDA-2

€T-6.2-€0-dd.L "'ON Hoday 4SHMI
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Trinity Highway Products, LLC
| 550 EastRobb Ave.
Lima, OH 45801

Customer: MIDWEST MACH.& SUPPLY CO.

P.0.BOX 703

Certifie. Analysis

Order Number: 1150595

Customer PO: 2483
BOL Number: 63165

W Resm - (s g

§

=

Y Prog
. i a%:

%

A 4

Asof: 6/27/11

Document #: 1 2
. l2-cosy
Shipped To: NE )
MILFORD, NE 68405 Use State: KS
Project: RESALE

Qty Part# Description Spec CL TY - Heat Code/ Heat # Yield TS Elg C. Mn P S Si Cu Cb Cr VnACW

‘ 40 6G 12/6'3/S M-180 - A 2. 144794 59,920 76,860 28.7 0.190 0.740 0.011 0.003 0.020 0.130 0.00 0.050 0.002 4
M-180 A 2 144790 62,490 79,560 26.7 0.190 - 0.730 0.014 0.000 0.030 0.130 0.0000.050 0.001 4

M-180 A2 144791 60,790 77,800 26.7 0.200 0.730 0.013 0.004- 0.010 0.130 0.000 0.060 0.002 4

M-180 A 2 144793 63,330 78,900 284 0.190 . 0.730° 0.012 0.002 0.020 0.120 0.0000.050 0.002 4

6G M-180 A 2 95601 60,950 78,720 28.1 0.180.0.740 0.013 .0.001 0.020 0.130 0.00 0.060 0.002 4
M-180 A 2 144789 61,990 78,810 29.3 0.190 0.730 0.0130.002 0.030 0.130 0.000 0.050 0.002 4

M-180 A 2 144791 60,790 77,800 26.7 0200 0.730 0.013 0.004 0.010 0.130 0.0000.060 0.002 4

M-180 A 2 144794 59,920 76,860 28.7 0.190° 0.740 0.011 0.003 0.020 0.130 0.000 0.050 0.002 4

M-180 A 2 144795 59,070 76,940 28.7 0200 0.730 0.0140.001 0.020 0.130 0.000 0.060 0.002 4

M-180 A 2 144800 60,890 78,640 27.0 0.190 0.730 0.015.0.002 0.020 0.120 0.000 0.060 0.002 4

M-180 A 2 145135 61,550 79,710 25.5 0.190 0.730 0.012 0.002 0.020 '0.120 0.000 0.050 0.001 4

M-180 A 2 145136 61,410 79,430 25.6 0.190 0.730 0.011 0.003 0.020 0.120 0.000 0.050 0.002 4~

M-180 A 2 145137 59,910 77,480 294 0.150 0.720 0.011 0.003 0.010 0.120 ' 0.000 0.050 0.001 4

25 211G T12/12'6/3'1.5/S M-180 A 2 144302 59,460 78,950 25.8 0.190° 0.720 0.010 0.004 0.020 0:140 0.00 0.060 0.001. 4
. M-180 A 2 143214 64,690 82,970 249 0200 0.740 0.0120.003 0.020 -0.130 0.000 0.060 0..002 4

M-180 A 2 144300 53,230 72,710 322 0.190 0.730-0.012 0.004 0.020 0.140 0.000.0.060 0.001 4

M-180 A 2 144301 : 61,670 78,930 25.5 0.180 0.720 0.013 0.003 0.020 0.140 0.000 0.050 0.002 4

M-180 A 2 144303 59,490 78,080 27.1 0.190 0.740 0.013 0.003 0.020 0.140 0.000 0.050 0.000 4

M-180 A 2 144304 57,100 75,130 27.1 0.190 0.730 0.012 0.004 0.020 0.140 0.000 0,060 0.001 4

M-180 A 2 144305 57,590 76,090 27.6 0.190 0.740 0.013 0.003 .0.010 0.140 0.000 0.050 0.002 4

20 260G T12/25/6'3/S M-180 A 2- 144301 61,670 78,930 25.5 0:180 0.720 0.013 0.003 0.020 0.140 - 0.00 0.050 0.002 4
% M-180 A 2 144300 53,230 72,710 322 0.190 0.730 0.0120.004 0.020 0.140 0.000 0.060 0.001 4

M-180 A 2 144303 59,490 78,080 27.1 0.190 0.740 0.013 0.003 0.020 0.140 0.000 0.050 0.000 4

M-180 A2 144304 - 57,100 75,130 27.1 0.190 0.730 0.012 0.004 0.020 0.140 0.000 0.060 0.001 4

M-180 A 2 144305 . 57,590 76,090 27.6 0.190 0.740 0.013 0.003 0.010-0.140 0.000 0.(_)50 0.002 4

M-180 A 2 144306 57,890 77,170 299 0.190 0.730 0.0110.004 0.020 0.100. 0.000 0.050 0.001 4

Figure B-11. 6 ft-3 in. (1,905 mm) W-Beam MGS Section, Part a3, Test Nos. WIDA-1 and WIDA-2
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Customer:

HT # code
4614

|-

GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508

Nuts comply with ASTM A-563 ifications and are g ized in with ASTM A-153, unless otherwise stated.
All other galvanized material conforms with ASTM-123 & ASTM-525

All steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States”

All Guardrail and Terminal Sections meets AASHTO M-180, All structural steel meets AASHTO M-183 & M270
All Bolts and Nuts are of Domestic Origin

All material fabricated in a
All controlled oxidized/

Department of Transportation
terminal sections meet ASTM A606, Type 4.

By:
Andrew Artar

Vice President of Sales & Marketing
Gregory Highway Products, Inc.

200¢

-
/

~
Canton, Ohio 44708 2
=
Test Report =
* UNIVERSITY OF NEBRASKA-LINCOLN B.OL # 39963 DATE SHIPPED:  05/07/09
401 CANFIELD ADMIN BLDG Customer P.O. 4500204081/ 04/06/2009
P O BOX 880439 Shipped to:  UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE. 68588-0439 Project : TEST PANELS
GHP Order No 105271
C. Mn. P, S. Si. Tensile Yield Elong. Quantity Class  Type Description
0.21 0.84 0.011  0.003 0.03 89432 67993 19.8 160 A 2 12GA 12FT6IN/3FT1 1/2IN WB T2
Bolts comply with ASTM A-307 i i and are ized in with ASTM A-153, unless otherwise stated.

STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed before me, a Notary Public, by
Andrew Artar this 8th day of May, 2009.

/

CYNTHIA K. CRAWFORD
Notary Public, State of Ohio
My Commission Expires 09-16-2012

Figure B-12. 12'-6" (3,810 mm) W-Beam MGS Section, Part a4, Test Nos. WIDA-1 and WIDA-2
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Customer: * UNIVERSITY OF NEBRASKA-LINCOLN
401 CANFIELD ADMIN BLDG
P O BOX 880439
LINCOLN, NE. 68588-0439

GREGORY HIGHWAY PRODUCTS, INC.

200¢

-
/

4100 13th St. P.O. Box 80508

~
Canton, Ohio 44708 2
=
Test Report =
BO.L. # 39963 DATE SHIPPED: 05/[07/09
Customer P.O. 4500204081/ 04/06/2009
Shipped to: UNIVERSITY OF NEBRASKA-LINCOLN
Project : TEST PANELS
GHP Order No 105271
Tensile Yield Elong. Quantity Class  Type Description
89432 67993 19.8 160 A 2 12GA 12FT6IN/3FT1 1/2IN WB T2

in

with ASTM A-153, unless otherwise stated.

with ASTM A-153, unless otherwise stated.

HT # code C. Mn. i S. Si.
4614 0.21 0.84 0.011 0.003 0.03
Bolts comply with ASTM A-307 i i and are
Nuts comply with ASTM A-563 ifications and are g

in

All other galvanized material conforms with ASTM-123 & ASTM-525
All steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States”
All Guardrail and Terminal Sections meets AASHTO M-180, All structural steel meets AASHTO M-183 & M270

All Bolts and Nuts are of Domestic Origin
All material fabricated in a
All controlled oxidized/,

By:

1 Andrew Artar
Vice President of Sales & Marketing
Gregory Highway Products, Inc.

|-

Department of Transportation
terminal sections meet ASTM A606, Type 4.

STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed before me, a Notary Public, by
Andrew Artar this 8th day of May, 2009.

/

CYNTHIA K. CRAWFORD
Notary Public, State of Ohio
My Commission Expires 09-16-2012

Figure B-13. 12'-6" (3,810 mm) W-Beam MGS End Section, Part a5, Test Nos. WIDA-1 and WIDA-2
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Trinity Highway Products , LLC

550 East Robb Ave.

Lima, OH 45801

Customer: MIDWEST MACH.& SUPPLY CO.
P.0.BOX 703

MILFORD, NE 68405
Project: ~ RESALE

Certified Analysis

Order Number: 1168756

Customer PO: 2581
BOL Number: 68287
Document #: 1
Shipped To: NE
Use State: KS

ay Pro
\Q‘\‘“ Y Frog), %,

%

Tri,;,b

wr

Asof: 3/9/12

%

Qty Part# Description Spec CL TY Heat Code/ Heat # Yield TS Elg C Mn P S Si Cu OCb Cr Vn ACW
30 260G T12/25/6'3/S M-180 A 2 151877 58,680 77,470 26.0 0.190 0.720 0.013 0.004 0.010 0.120 0.00 0.050 0.002 4
M-180 A 2 152774 59,060 77,140 292 0.190 0720 0.0110.004 0.010 0.01t 0.000 0.050 0.001 4
M-180 A 2 152775 60,650 79,300 25.1 0.190 0.730 0.014 0.004 0.020 0.120 0.000 0.060 0.001 4
M-180 A 2 152777 59,110 76,570 304 0.190 0.730 0.012 0.004 0.020 0.120 0.0000.050 0.001 4
M-180 A 2 152779 58,850 76,750 25.7 0.180 0.710 0.0100.004 0.010 0.120 0.000 0.050 0.001 4
M-180 A 2 152780 61,020 78,750 26.6 0.190 0.730 0.009 0.001 0.030 0.110 0.0000.040 0.001 4
50 901G 12/FLARE/8 HOLE M-180 A 2 149776 54,950 71,300 29.5 0.190 0.730 0.013 0.004 0.020 0.110 0.00 0.050 0.001 4
10 907G 12/BUFFER/ROLLED M-180 A 2 515699 67,600 76,100 28.0 0.063 0.780 0.014 0.008 0.009 0.031 0.04 0.029 0.000 4

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THEBUY AMERICA ACT.

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT"
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.
BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329.
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE Il BREAKING

STRENGTH 49100 LB

Figure B-14. W-Beam Rounded End Section, Part a6, Test Nos. WIDA-1 and WIDA-2

1 of 2
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s 2 \@«av Progy,, ’
Certified Analysis Y &
3 3
Trinity Highway Products, LLC ‘ '
550 East Robb Ave. Order Number: 1168756
; -
Lima, OH 45801 Customer PO: 2581 Asof: 3/9/12
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 68287
P. 0. BOX 703 Document #: 1
Shipped To: NE
MILFORD, NE 68405 Use State: KS

Project: RESALE
D i

State of Ohio, Count\of AllennSwoyrthand subscri efore me this 9th day of March, 2012 Y
Notary Public: \ T Certified By:

Commission Expires /
RV
& or* o,

{ NoTARYPUBLC
ID# 2011870014

2 of 2

Figure B-15. W-Beam Rounded End Section, Part a6, Test Nos. WIDA-1 and WIDA-2
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INSPECTION CERTIFICATE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME: TRINITY INDUSTRIES
CUSTOMER P.O.: 143227
INVOICE #: 946256 DATE SHIPPED: 6/20/11
LOT #: 22191
SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS
TENSILE RESULTS! SPECIFICATION ACTUAL
60,000 min. 81,460 70,642 76,888
81,388 70341 76,623
HARDNESS RESULTS:  SPECIFICATION 80.63 8380 84.00
100 MAX 8633 7780 8500
COATING: ASTM SPECIFICATION F2329 HOT DIP GALVANIZE

STEEL SUPPLIER: NUCOR, CHARTER, NUCOR
HEAT NO. NF11101335, 10132120, NF11101336
QUANTITY AND DESCRIPTION:

18,000 PCS §/8"X 14" GUARD RAIL BOLT

P/N 3540G

WE HEREBY CERTIFY THE ABOVE BOLTS HAVE BEEN MANUFACTURED BY ROCKFORD BOLT AND STEEL. THE MATERIAL USED WAS MELTED

AND MANUFACTURED IN THE U.SA. WE FURTHER CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED
BY THE MATERIALS SUPPLIER, AND THAT OUR PROCEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS
FURNISHED ON THIS ORDER MEET OR EXCEED ALL APPLICABLE TESTS, PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE
SPECIFICATION

STATE OF JILUNOIS
COUNTY OF WINNEBAGO

SIGNED BEFORE ME ON T
2./ _oavor %_{i

Nesile Pelssnns _Llotlin

0 APPROVED SIGNATORY DATE

OFFICIAL SEAL
DIANA RASMUSSEN
NOTARY PUBLIC - STATE OF ILLINOIS
MY COMMISSION EXPIRES:1 015714

October 28, 2013
MwRSF Report No. TRP-03-279-13

35406

Figure B-16. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,

Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Mill Certification Details . =

nNUuCoR

NUCOR CORPORATION
NUCOR STEEL NEBRASKA

Mill Certification Detalls - 4/11/2011 10:10 AM

Customer: KRUEGER & CO - ELMHURST
Bill of Lading 8: 197578

Chicf Metaliurgist : Jim Hill Date : 4/4/2011
Heat®: NF1110133502 Tag & : NF1111050255
Product: RDC Size :,594-19/32 Wire Red
Grade) 1010 Divislon : Norfolk, NE
Commants : Billet Heat #1 NF11101335
operties ~-Wt.%

Chemical Pr

i SRS AR RRES R LU0 S RE0R
0.13  0.57 C.17 0.020 0014 0.23 0.13 0.09 C.03 0.001 0.000 0.000 0.000 0.008 0.0C02
0.0000 0 001
Physical Properties

Tensile: 64127

Yield: 46541

Elongation (In 8 inches):
Elongation (in 2 inches):

The testing was conducted In accardance with the requirements of this specification. All melting 2nd
manufacturing processes were performed In the United States of America

FA \ B}
La :
W * |1
Jim Hilt H
D wision Metakurgst

Figure B-17. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,
Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Apr 1 11 12:48p KruegerCao 630-833-5852 F.3
‘ PRODUCT CERTIFICATION
k WORK CGRDER LOT NUMBER
Krueger Steel & Wire W ahich
SALES ORDER /RLS
cous s TART A T caue 028704/ 1
S0 TO

Rockford Bolt & Steel
126 Mill St.

Rockford, IL 61101
United States

Alin: Disna Dacmiiesan

CUSTOMER F 0. CUSTOMER PART QUANTITY  COLS LAQING NO SHIFMENT DATE
P32683 100084 8,160 Ib 2 00020418 ?

SPECIFICATION  §93R1010/QCL !
18/32" Diarmeter 1010 Industrial Quality, Clean and Lime |

CERTIFICATION REQUIREMENTS

Chemical
c Mn P s si 5] Cx Cu .Ni Mo Nier
-13 .57 .014 .020 .17 .00 .13 .23 .08 .03 L0000

Al

i i

. 1
- Physical —«{ !
i ;

Melt Countxy
USA

End of Cetification .

| cestdy thal the resulls are o trve and casred Copy of (he recerds prapared and mainiained by Krusger |

Stee 8 Wire in with the of the cited . Chemislry is as reporied by the

rcd / bas suppler. This teslt repart cannot be repraduced or dist buted axcest in full without the wriiten i

peimission of Krueger Steei & Wire, P

(C) AXIS Campuler Systems - qtc302 (vt 1) Page 1 Date Printad 04/07/2011 i
APR-11-2011 13711 . ATA AT SARS? ARy ’ P o

),

Figure B-18. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,
Test Nos. WIDA-1 and WIDA-2
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LOAD

CHARTER
STE E L CHARTER STEEL TEST REPORT

A Division of Reverse Has Text And Codes
Charter Manufacturing Company. Inc.

CHARTER

STEEL

October 28, 2013
MwRSF Report No. TRP-03-279-13

1

1658 Coid Springs Road
Saukville, Wisconsin 53080
[262) 268-2400
1-800-437-8789

FAX (262) 268-2570

Cust P.O. P32628
Customer Part # | 100084
Rockford Bolt & Steel Charter Sales Order 70019230
126 Mill §(. . Heat# 10132120
Lynn McComas Ship Lot # 4080485
Rockford,|L-61101 Grade | 1010 A SKFG 1Q 19/32
Kind Attn :Lynn McComas Process HRCC
Finish Size 19/32
| nereby certify that the material described herein has been of; ed in accord: with the lons and
listed below and on the reverse side,and that it satisfies these requirements.
Test Resuhs of Heat Lot# 10132120
Lab Code: 7388
CHEM c MN P s si N CR MO cu SN v
%W %5 37 007 014 .18 .04 07 .02 .09 006  .001
AL N 8 el LT ]
024 0070 .0001 001 .001 !
CHEM. DEVIATION EXT.-GREEN = f
Test Results of Rolling Lot# 1039920 T }
REDUCTION RATIO = 109:1
Speciications: Mianufactured per Charter Steel Quality Manual Ray 8,08-01-08 i
i M-::'l”""‘ e tions with any plice Charter Steel for the 9 H
Customer Document = ASTM A29-05 Revision = 05 Dated = 3

Additional Comments: “MELTED & ROLLED IN USA*.

Charter Steel
Saukvilte, WI, USA

[ACCREDITED)
Rerm: Load1,Fax0,Mail0 Testing Lasﬂiﬂiﬂ 1

This MTA superaedes all previausly !
dated MTRs for this order

Janice Barnard i
Manager of Quality Assurance 2
05/31/2011

Figure B-19. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,

Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

—— e e mae “ar -

The follewing statements are applicable to the material described on the front of this Test Report:

1. Except as noted, the steel supplied for this order was melted. rolled, and processed in the United States

meeting DFARS compliance.

2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury
during processing.

3. Unless directed by the customier, there are no welds in any of the coils produced for this order,

4. The laboratory that generated the analytical or test results can be identified by the following key:

ificat
Number | Lab Code Laboratory Address

] asse-o1 | 73em | CssM | GRS ] 1653 Cold Springs Road, Saukvile, W1 53080

> CSSRf | Charter Steel Rolfing! i i
0358-02 | B CSSP Processing Division 1658 Cald Springs Road, Saukville, W! 53080 )

Charter Steel Ohic N
0358-03 123633 CSFP Fr ing Division 6255 US Highway 23, Risingsun, OH 43457

cscw 4300 E, 48th St., Cuyahoga Heights, OH
0358-04 125544 Cscr | Charter Steel Cleveland | 14 o™ oy

- % .= Subcontracted test perfarmad by laboratory not In Chiarter Steel system'

§. When run by a Chanter Steel laboratory, the following tests were performed according to the latest
revisions of the specifications listed below, 8s ncted in the Charter Steel Laberatary Quality Manual:

Tast Possible Laboratory Specification
Chemisiry Analysls| CSSM, CSCM/CSCR ASTM E415: ASTM E1018 !
K-ray Fluorescence Stainless and Alloy Steell CSCM/ICSCR ASTM E572 !

Macroetch | CSSM, CSCMW/CSCR ASTM E381
Hardenability (Jominy) | CSSM, CSCM/CSCR . | ASTM A255: SAE J406; JIS GO561

Graln Size{CSSM ASTM E112
: CSSRICSSP, CSFP, % !
Tensile Test S o ASTM E8; ASTM A370 . i
Rockwell Hardness|All labs ASTM E18: ASTM A370 il
Microstructure (spheroldization) | CSSR/ICSSP, CSFP ASTM AB32 | i

Incjusion Content (Methods A, E)| CSSR/ICSSP, TSCM/ICSCRASTM E45

Chanter Stéel has been accredited to perform all of the abave tests by the American Association for
Laboratory Accreditation (A2LA). These acoreditations expire 01/31/13,

Al other test results associated with a Charter Steel laboratory that appear on the front of this report, if any,
were performed according o documentad procedurks developed by Charter Steel and are not accredited
by A2LA.

6, The test results on the front of this report are the true values measured on the samples taken from the
production fol. They do nat apply to any other sample.

7. This test report canno! be reproduced or distributed except in full without the written permission of Charter
Steel. The primary customer whose name and address appear on the front of this form may reproduce this
les! report subject 1o the following restrictions: 4

wlt may be distributed only to their customers :
wBoth sides of all pages must be reproduced in full i

8. This centification Is given subject to the terms and conditions of sale provided in Charter Steel's :
acknowledgement (designated by our Sales Order number) to the customer's purchase order, Both i
order numbers appear on the front page of this Report, : |

9. Where the customer has provided a specifiction, the resuits on the front of this test report conform to i1
that specification unless otherwise noted on this test report. i}

ot Loy

Figure B-20. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,
Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Page 2 of 4
King Steel
o 5225 East Cook Rd. . .
4\, King Steel Gy planc, M 48439 Bill of Lading
e Cerperation Ty §10-953-7637
Fax 810-853-1718
Ship To: Rockford Bolt & Steel Co. Bol No: 129216
126-T Mill St. -
Rockford, IL 61101 | E]
USA
Bill To: Rockford Bolt & Steel Co. e T i
126-T Mill St. Invoice No: 0037531
Rockford, IL 61101 Ship Date : _5/10/11
USA

Carrier: Valente Trucking Inc
Freignht Terms: PrePaid
Class or Rate: 50
Load coils "eyes to the rear”

COIL VANS ONLY - NO REGULAR FLATBEDS ALLOWED
certs must accompany truck

0.593 1010 IQ HR RD PLIROD

Cust Customer Lot Heat Ship Ship Net Gross )
PO Rem No No Qty Weight Weight Welght {
P32696 . S088223 NF11101336 1 4,045 4,0451bs 4,045 Ibs
P32686 - S088224 NF11101338 1 4,039 4,038 Ibs 4,039 Ibs { r
P32696 - $088227 NF11101336 1 4,075 4,075 Ibs 4,075 Ibs l :

P32656 - S088238 NF11101336 1 4,082 4,082 1bs 4,0821bs

P32696 - S088239 NF11101338 1 4,085 4,085 Ibs 4,085 Ibs {

P32695 - 5088240 NF11101336 . 4,047 4,047 Ibs 4,047 lbs ‘ !
PI2696 - S091240 NF11201343 5 20,369 20,369 Ibs 20,369 lbs it
Part Total: 11 Lots 44742 44,742 Ibs 44,742 lbs :

Shipment Total: 11 Lots 44,742 44,742 1bs 44,742 1ba

NF11101336 C: 0.13 % Mn: 0.58 % P: 0.013 % S: 0.033 % Si: 0.18 % Ni: .14 % Cr: .12 % Mo: .02 % Cu: .29 % Sn: .009 % Ca: .0002 %

C:.12 % Mn: .53 % P: .008 % S: .032 % 8i: .16 % Ni: .07 % Cr: .08 % Ma: .02 % AL: .001 % Cu: .21 % Ti: .001 %

Heat Material Specification 5 i
NF11201343 Nb: 002 % Sn: .009 % '\

Payment to any intermediary or arranger of freight constitutes payment to the carrier and the carrier
therefore has no claim against the consignee of the material.

Signature Date/Time Consignee Date/Time
Office

Plex Online 6/21/11 5:08 PM dsutherland Page 1 ‘

file://C:\Documents%20and%20Seftings\drasmussen\Local%20Settings\Temporary%20Int... 6/21/2011

Figure B-21. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,
Test Nos. WIDA-1 and WIDA-2
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Figure B-22. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1,

Test Nos. WIDA-1 and WIDA-2
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Mill Certification Details

NUCOR

NUCOR CORPORATION
NUCOR STEEL NEBRASKA

Mill Certification Details - 5/10/2011 11:13 AM

Customer: KING STEEL CORP - GRAND BLANC
Bill of Lading #: 197610

Chief Metallurgist : Jim Hill Date : 4/4/2011
Heat #: NF1110133601 Tag & NF1111050147
Product : RDC Size : .584-19/12 Wira Ran
Grade: 1010 Division : Nerfolk, NE
Camments : Billet Heat #: NF11101336

Ch_emlcal Properties -Wt.%

st 2 < 0 YRR A AR A A P =
S T R N R T TR SRR B TR AR
013 0.%8 0.19 0033 0.073 0.28 0.12 0.14 0.02 0.000 0.000 0.000 £.000 0.003 0.0002

00000 0 €00
Physical Properties "
BRSTRRE
Tensile: 66213
> Yield: 50184
Elongation (in 8 inches):
Elongation (in 2 inches):

The testing was conducted in accordance with the requirements of this specification. All melting and
manufacturing processes were performed in the United States of America.

ey

Jim Hill
Duwision Metalurgst

324

Figure B-23. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b,
Test Nos. WIDA-1 and WIDA-2
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HOT DIP GALVANIZING

1925 KISHWAUKEE STREET

ROCKFORD, IL 61104-5197
PHONE: 815/965-5132
FAX:  815/965-3765

T
ocus Wam

: nomms l

CAWANIZING ‘

onoen no, 16382
96/13/11
Page 1

asw 7O

™ RKB A
ROCKFORD BOLT & STEEL COMPANY

126 MILL STREET
ROCKFORD, 1IL 61181

L ) 4

OCKFORD BOLT & STEEL COMPANY
126 MILL STREET
OCKFORD, IL 611P1

TEAMS:

1/2% 1B-N39

QUR TRUCK

e

CUSTOMER CHD. NO.

X | 269112

QUANTITY | DESCRIFTION

/8 X 14 GUARD RAIL BOLT TUBS

- 53%

VG. COATING WEIGHT: 523 MILS.
CERTIPY THE ABOVE SIZES & LOT§’S
LY W/ THE COATING, WORKMANSHIP,
FINISH & APPEARANCE OF ASTM F2329.

E GALVANIZING PROCESS WAS
ONDUCTED IN A TEMPERATURE RANGE
F 83BF TO 850F

DATE: Ol S—1(/
= Q. C. DEPT.
Reguest Date: 06/24/11

CI’J,MIQSJ,Q@[;@(?MDE (‘//‘?(N ot

4

CERTIFY THAT THE ABOVE SIZES AND LOT NUMBERS T
VANIZED IN OUR PLANT MEET SPECS ASTM Al53 CLAS
lor ASTM Al23. ROHS COMPLIANT AS IT PERTAINS TO H

\
|

with the of the articles and/or the of the services covered by this
d’.x-ms m‘m:mm for the performance by Ivoice, it has fully complied with Saction 12 (a)
AGREEMENTS CONTINGENT UPON STRIKES, mmoaommc&sssmouomn
NOTICE—CLAIMS FOR LOSS OR DAMAGE MUST BE MADE WITHIN FIVE DA\ ALL PRICES

DUPLICATE DELIVERY RECEIPT

CONTROL.
SUBJECT TO CHANGE WITHOUT NOTICE,

|
|

Figure B-24. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Pa!rt'bl,

Test Nos. WIDA-1 and WIDA-2
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jresd
A HOT DIP GALVANIZING
ROCERS -- 1925 KISHWAUKEE STREET
BACTHERS .- ROCKFORD, IL 61104-5167
CALYANIZING '- PHONE: 815/865-5132
'- FAX:  B15/065-3765 onomn no. 76327
~ 86/14/11
Page 1
I RKB ] e TO

0w o ROCKFORD BOLT & STEEL COMPANY
126 MILL STREET
ROCKFORD, IL 61181

OCKFORD BOLT & STEEL COMPANY
126 MILL STREET
OCKFORD, IL 61191

L = |
TERMS: SMIPPED VIA COLLECT PREPAD CUSTOMER CHD. NO. INVOICE DATH INVOICE NO,
1/2% ID—NBIJ OUR TRUCK T T B69114
| DEscRPTION.. 2 WEaHT FHIcE T
CWT/EA
8351 [5/8 X 14 GUARD RAIL BOLT -&—SuBS q
93)(, |[1988L-466168 JOBJ22191-B (RbBY 18

LK WT 98243 9,75 i
\

VG. COATING WEIGHT: 55 i MILS.

CERTIFY THE ABOVE SIZES & LOT§'S
OMPLY W/ THE COATING, WORKMANSHIP,
FINISH & APPEARANCE OF ASTM F2329,..

GALVANIZING PROCESS WAS
ONDUCTED IN A TEMPERATURE RANGE
F 838F TO 858F

CERTIFY THAT THE ABOVE SIZES AND LOT NUMBERS TlA‘l “Rﬁ
ALVANIZED IN OUR PLANT MEET SPECS ASTM Al53 CLASS
i lof ASTM Al123. ROHS COMPLIANT Z IT PERTAINS TO HDJ

Ol—ef-12/

DATE:

Q. C. DEPT. e /8

Request Date: #6/27/11

A

PRase guh K 11511 Pt

Seler represents of ihe articles and/or the of
T S e e
ALL AGR STWKES.A@I[ENTS

CONTINGENT UPOI
W—GAWFORLOSSORMMUSTBEMDEW

N

ummmwmmnmwwwmwnn

OROWCAU&SBEYOND OUR CONTROL
ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE.

DUPLICATE, DELIVERY RECEIPT

Figure B-25. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1

Test Nos. WIDA-1 and WIDA-2
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bires)
EA HOT DIP GALVANIZING
ROCERS -- 1925 KISHWAUKEE STREET
B

;no“u“ ] ROCKFORD, 1L 61104-5157
CALVANIZING |- PHONE: 815/065-5132

, 76326
" FAX: 815/965-3765 oncen NO. 86/14/11
- Page 1
~ RKB 3 Py r
ROCKFORD BOLT & STEEL COMPANY OCKFORD BOLT & STEEL COMPANY
ST 126 MILL STREET 126 MILL STREET
* ROCKFORD, IL 61181 OCKFORD, IL 611861
| ~ |
TaRMmS: BIPEED VIA cowLecT PARPAD CUSTOMER ORO. NO. INVOICE TATE INVOIOE NO.
1/2% 18-N38 | OUR TRUCK l X | ‘96911
ouanTTy T S oescRwTON ; WEIGHT. f==¥ AMOUNT
CWT/EA
8814 /5/8 X 14 GUARD RAIL BOLT "27-6
g7<> 488P1-466168 JOBE22191 4 T1£bp Y 758
LK WT 94823

87&{!01 VG, COATING WEIGHT: SOF mILs.

1 ME CERTIFY THE ABOVE SIZES & LOT§'S
OMPLY W/ THE COATING, WORKMANSHIP,
FINISH & APPEARANCE OF ASTM F2329.

HE GALVANIZING PROCESS WAS.
ONDUCTED IN A TEMPERATURE RANGE
OP 83PF TO a58F

CERTIFY THAT THE ABOVE SIZES AND LOT NUMBERS T wné
ALVANIZED IN OUR PLANT MEET SPECS ASTM Al53 CLASS <
_lor ASTM Al23, ROHS COMPLIANT AS IT PERTAINS TO HDG.
DATE: Wttt L : !
., C. DEPT, Zc
Request Date: @6/27/11)

Y, |
ifi{%‘)”gdu 0K “fiefic S |

—— /A/f/ I |

Satier |
represeats that mmhm-w«mmu“m
of the 8 of 1530 as wwmmnmmwmmwnw

Aﬁm NGBJTU"ONS’TRIK!S. AGCIDENTSDGO'I’NERCAUSES“YOND ‘OUR CONTROL.
wmemmmtossoammnsmmasumsmmnm msmec’r?oumewnmnnovm

DUPLICATE DELIVERY RECEIPT 7

Figure B-26. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Pa'rt'bl,
Test Nos. WIDA-1 and WIDA-2
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rreacEad
... ROCERS .@ HOT DIP GALVANIZING
'BROTHERS . 1925 KISHWAUKEE ST., ROCKFORD IL §1104-5167
PHONE: 815/965-5132
CALVANIZING | ,;_ HONE: 818/005.513 o
R
r -1 FGF To
TERME: Jnm Via couLEcT PREFAD wnmunk/z;g:q BATE SOCE D
50 éww b QQM!-P I ewos o FRas
11540 bool-466l6¥ i :
i 2 684
- Qu\cs(mhryui— Y2 mnis-

| f(ﬁks +3RBEX qatv O

WE CERTIFY THAT THE ABOVE SIZES AND LOT
NUMBERS THAT WERE GALYANIZED I OUR PLANT
MEET SPECS ASTM ALS3 CLASS (- OR ASTM 12,

ROKS COMPLIANT AS IT PERTAINS TORDL.

e il
0 MR

c/le/ M

2

Seber i

DlmaFullbWSDMlldl Act of 1838 as amendad.

AONEEMENTS CONTINGENT UPON STRIKES, ACCIDENTS OR DTHER CAUSES BEYOND OUR CONTROL.
NOTCE—CQLMS FOR LOSS OR DAMAGE MUST BE MADE WITHIN FIVE DAYS.

P

. DUPLICATE DELIVERY. RECEIPT

i ez

iepresents that with fespect 1o the production of the anticles andior the perdformance of the sarvices coverad by ihis Invoice, It nas fuly compied with Section 12 (a)

RICES WNEC’T TO CHANGE WITHOUT NOTICE.

Figure B-27. 5/8 in. Diameter x 14 in. (M16x356 mm) Long Guardrail Bolt and Nut, Part b1
Test Nos. WIDA-1 and WIDA-2
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Sean dibd =1
PoX s n
Shted # 8

AN -

6465611391017

16d 3" 7.62cm
BRIGH? DUPLEX

BRILLANTE DOBLE
AIL57 _-E{&\{OS

ST 4 [T
S0LB. 267 K5
Net Weight/Peso Nate

MADE INIHECHO EN: CHINA

Figure B-28. 16D Double Head Nail, Part b2, Test Nos. WIDA-1 and WIDA-2
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TRINITY HIGHWAY PRODUCTS, LLC
425 East O'Connor Ave.
Lima, Ohio 45801
419-227-1296

MATERIAL CERTIFICATION
Customer: Stock T ) ) ‘Date:, November 21,2011
e Invoice Number: '

" LotNumber: = DECKER 1135055

Part Number v, w3t 334OG . O Quantity: 239,000

Description: 5/8" GUARD Heathumber(s):L 20163550 20166280
- _RAIL NUT +.031 20158820

Specification: '/;\STM 5‘(33;A / A153/ F2329 as described

_ MATERIAL CHEMISTRY
Heat C MN PA S Si NI ER MO cuU SN vV AL N B Tl NB
20163550 -:08. | -:32 |-.010 | .003'| .08 .04 .05 .01 .10 .OVOBI .001 r.‘040 .008 r.OOOﬁ .001 | .001
20158820 .1VO 39| .009 | .002 | ..06

.04 .05 .01 .vOB .009 | .001 :040 .007 |.0003| .001 | .001
: T -
20166280 .08 .35 | .009 | .004 |. .08 | .03 | .03 .01 .07 | .006 | .001 | .039 | .008 |.0002] .001 | .001

| S
|
PLATING AND/OR PROTECTIVE COATING ,
HOT DIP GALVAN’ZED (Lot Ave. Thicknéss/ Mils) . ) 2.52 (2.0 Mils Minimum) .

*#=*THIS PRODUCT WAS IVIANUFACTURED IN THE UNITED STATES OF AMERICA****
THE MATERIAL USED IN THIS PROD_UCT WAS MELTED AND MANU ACTURED IN THE U.S.A

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGF A¥L, INFORMATION CONTAINED

“HEREIN IS CORRECT.

. : e - TRINITY H'IGHVODUCTS LLC
STATE OF OHIO, COUNTY OF ALLEN ' 4

SWORN AND SUBSCRIBED BEFOR‘: ME THIS" 21st DAY OF NOVEMBER, 2011

wou R UG NOTARY PUBLIC

- 425 E. O'CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

Figure B-29. 5/8 in. Diameter x 10 in. (M1‘6x254' mm) Long Guardrail Bolt and‘Nut", Part ‘b3,
Test Nos. WIDA-1 and WIDA-2
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i -
Trinity Metals Laboratory NV@.@
A DIVISION OF TRINITY INDUSTR]ES '
4001 IRVING BLVD. 75247 - P.O. BOX 568887 A AR ORI B
DALLAS, TX 75356-8887 . ° . .y -
Phone: 214.589.7591 FAX: 214.589.75%4 3 %

Lab No: 11110270F Received Date: 11/28/2011 - Completion Date: 11/20/2011.
KEITH HAMBURG Heat Code: Weld Spec:

TRINITY HWY PRODUCTS, LLC #55 Heat Number: 20163550, 20158820 Material Type: A 563 A
ROLLFORM . PO of Work Order: Decker 1135055 Material Size: 5/8" GR Nuts

Test Spec: F606 ASTM METHODS

LIMA, OH 45801 4
Other Information: 55-66379

. : PASSED
i Measured Value Measured Amt D
Hardness Type: HARDNESS ROCKWELL BW -
Hardness Location: Surface of Wrénch Flat A - Measured Value 84
. g 1
"Hardness Average: 85 o Measured Value , -t86 7, |
. PASSED
Hardness Type: HARDNESS ROCKWELL BW Measured Value Measured Amt $
Hardness Location: Surface of Wrench Fiat 8 5 Measured Vaiue
Hardness Average: 86  Measured Value - | - 86 I
d z
) T PASSED
‘ Hardness Type: HARDNESS ROCKWELL BW Measured Value | Measured Amt :
Hardness Location: Surface of Wrench Flat C ‘ Measured Vaiue r .83
Hardness Average: 84.5 p Hsasured Valig —L 6
- - PASSED
Hardness Type: HARDNESS ROCKWELL BW - Measured Value Measured Amt
Harc‘n_ess- Location: Surface of Wrench Flat D ) Meastred Value 2
hardngSAlemgeno) Measured Value | © 84

We certify the above results to be a true and accurate reoresentahon of the sample(s) submitted. Alteralmn or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-11.This report may not be used to claim producl

cenlfcanon approval, or endorsemenl by NVLAP, NiIST, or any agency of the federal government.
- il

Lan D.fecloe Michae! S. Bealon, PE.

Figure B-30. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Part b3,
Test Nos. WIDA-1 and WIDA-2
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Trinity Metals Laboratory

ADIVISION OF TRINITY INDUSTRIES . ==

V(AP

4001 IRVING BLVD..75247 -.P.O: BOX 568887+ E ABLAS CODE Z0dsel
DALLAS, TX 75356-8887
_ Phone: 214.589.7591 FAX: 214.589.7594
_LabNo: 11130270F .- . * . Recelved Date: 11/2682011 - - Completion Date: 11/20/2011
KEITH HAMBURG* ’ i | & Heat Code: - Weld Spec:
" TRINITY HWY PRODUCTS, LL'C #55 _, Heat Number: 20163550, 20158820 Material Type: A 563 A
* ROLLFORM : ! : PO or Work Order: Decker 1135055 Material Size: 5/8" GR Nuts
LIMA. OH 45801 h Test Spec: F606 ASTM METHODS
B ‘Other Information: ~ 55-66379
. : -PASSED
Hardness Type: HARDNESS ROCKWELL BW Measured Value Measured Amt ‘
Hardness Location: Surface.of Wrench Fiat £ ' “- Measured Value 84
» ﬁardn‘ess Average: 84 . ) B Measured:\/alus . 84 ]
OTHER TEST: S o L Wit TN ]

Type: NUT PROOF LOAD (to 30K) Quantity amount: §

Samples PASSED proqf loads of 18,950 Ibs.

Type: Notes ¢ Quantity amount: 1

Additional heat number: 20166280

We certify the above results to be a true and accurate representation of the sample(s) submitted. Alteration or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-11.This report. may not-be sad to claim product

certification, approval; or endorsement by NVLAP, NIST, or any agency of the. federal government. a 3
Wl

Figure B-31. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Péft b3,
Test Nos. WIDA-1 and WIDA-2
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Charter Manufeaiuring Comoany, Tnc.

Dacker Manufacturing Corp.
703 N. Clark St.

Steve Hankle
Albion,M1.49224

Kind Attn :Steve Konkie

FAX
C H ARTE R . 1658 Cotdl Springs Rozd ;
L Saukville, Wisconsin 53080
STEEL e
. CHARTER STEEL TEST REPORT (262) 26€-2900

Reverse Has Text And Codes

October 28, 2013
MwRSF Report No. TRP-03-279-13

X

1-800437-8789

FAX (262) 2682570

o - 35017-1109
1.1251010 |
.. 30032848
20163550 |
: 3053824 |
] 1010 A AK FG RHQ 3-1/8"
HRCC |
1-1/8

1 hereby cartify that the matsrial desciibed horein has been f. ed in d with the and standerds
listed balow and or the raverse side,and that it satisfies these requirements. _
Tost Results of Heat Lot# 20163550
Lab Code: 1255a4 N
CHEM C M [ N &t nI CR MO cu SN g
HWe .08 .32 ot0  .0i3 .08 04 .05 K .10 ~008. -.001
AL N 8 Tl 8
020 .0080 .0003 . 001 .gon
CHEM, DEVIATION EXT.-GREEN =
Test Rusuits of Rolling Lot¥ 2016525
# of Tosts Mir Value Value Mean Valuu
ROCKWELL B 6 54 55 RB LA8 = 0358-04
ROO SIZE 12 i %123 1,130 1127
BOD OUT OF ROUND 3 -005 . 007

REDUCTION RATIO = ag:1

006 )

Syacilicavons:

Mests customar

Maructured pur Charicr Stowl Quality Manual fov

9.,08-01-08

4

with any
Custamar Document = ASTM A29/A29M-11

Additionsl Comments: Fax lembm - 517-629-3535

DU e G-

[ L}
Charror Steal
Cuyahogs ituighis, CH, USA

Asim:.Le3d0,Fax1,Mail0

Chaner Stest

ions for the followlng customer documents:
Rovision = Dated = O1-APR-71 E

Y
=B
T
~ &
9 W
&
174

This MTA suparsedes ki oraviatsly
dated MTHs foc tnis ordur

Janice Barnard
Manager of Quaiity Assurance

Figure B-32. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Part b3,

Test Nos. WIDA-1 and WIDA-2
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The follawing statements are applicable to the material described on the front of this Test Report:

1. ‘Except as rioted, the steel supplied for this order was melted, rafled, and pmcessad in'the Unued States

meeting DFARS compliance.

2. Mercury was riot used during the manufacture of this product, nor was the steel ccnlamlnated with marcury
during processing. -

3. "Unless directed by the customer, there are no welds in‘any of the coils produced for this order

4. The laboratory that gena‘ated the analyucaz or test results can be identified by the following key:

e = =
[‘Cﬁu:r:gza Lab Code Laboralory g E . Address joE . 1
0358501+ ~7388 = |~-CS8M-+| - - Charter Steel. . T e ;  Satkv T T S
l 035801 7388 CSSM-+|- Weling Divislon 1653 Cold Springs-Road; Saukville; Wi 53080
gl g CSSRI | Charer Steel Rolling/ :
| 0358-02 8171 | csse ! Processing Division 1658 Cold Springs. Road; Saukville, Wi 5Joao~_
: = Chanter Steel Ohio ¢ % -
" lMOSSB-D?: 123633 CSFP_ | . Processing Division 6255 US nghway 23; Rlslngsun OH 43457 s
0358-04 | 125544 ‘ésscc’:’ Charter Steel Cleveland :3?‘2755-&‘;2 St, Cuyahoga Heights, OH - |
3 | ¢ l %, s Subcontracted test per(ormed by laburﬂtmy nnl In Charter Steel system J

When run by a Charter Steel laboratory, the following tests were; performed aceording to the Jatest
revsslons of the specifications listed bgiow, as nated in the Charter Steel Laboratory Quality Manual:

Test Pus_sihvlf:'iaboramry ' Spe(:‘ﬂcaucn _ s 2
. gee = —_—_— ‘ g |
' Chemistry Analysis| CSSM, CSCMICSCR ASTME415: ASTM E1019 &
K-ray Fluorescence Stainless and Alloy Steel] CSCM/CSCR: | ' lASTM E572 .

Macroeten|CSSM, CSCMICSCR - | ASTM E381
Hardenabiiity (Jominy) | CSSM. CSCM/ICSCR - . | ASTM A255: SAE J408: JIS GOS61.

2

Grain Size|CSSM ASTMET12
: Tensile Test|CSSR/CSSP. CSFP. ASTM E8; ASTM A370
Rockwell Hardness|All labs ASTM E18: ASTM A370

. Microstructure (spheroidization) CSSRICSSP CSFP ASTM ABI2

Incjusion Content (Methods A, E) CSSR/CSSP, CSCM/CSCRASTM E£45 o SN
‘Chearter Stéel has been accrediled to perform all of the above tests by the American Association for %
Laboralory Accredilation (AZLA). These accreditations expire 01/31/13,
All other-lest results associated with a Charter Steel laboratory that appear on the {ront of this report, if any,
were performed according ta documented procedurkes developad by Charter Steel and are not accredued
by A2LA.
The test resutts on the front of this reporl arethe true values measured-on the samples taken from the
production fot. They do nat apply to any cther sample.
This test report cannot be reproduced or distributed except in (ull without the written permission of Cham:r
. Steel. The primary customer whose name and address appear on the front of this form may repmduce this
test report subject to the following restrictions:
witmay be distributed only (o their customers
w3ath sides of all pages must be reproduced in fuil
8. This certification Is given subjecl 1o 1he terms and conditions of sale provided in Charter Steel's
acknowledgement’ (designated by our Sales Order number) 1o the customer's purchase arder, Both
order numbers appear on the front page of this Report,
9. Where the customer has provided a specifiction, the results on the front of this test report cunform o
thalspecrfcauzm unless otherwise nmed on this test report. S

o

~

Figure B-33. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Part b3,
Test Nos. WIDA-1 and WIDA-2
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Fax

CHARTER 7 = 0 e
STEE L ‘ . : :cufwl‘:' Wixor‘»sr‘.:,oso

s ‘j2521 268-230
CHARTER STEEL TEST REPORT 12532682500
A Divisian of : Revorse Has Taxt And Codes e _ 1-800-437-6789
Charier Manufacturing Compariy, Inc..

4597741109 )

¢

FAX (262] 268-2570 .

' 1.125 1010
Dacker Manufacturing Corp. ~ 30032649

703 N. Clark St. : 20158820

‘Steva.Konkle . 5 . 1, 3053821
Atbion,MI-49224 1010 A AK FG AHQ 1-1/6

Kind Attn ;Steve Konkle HACC

1-1/8 |

1 hers eby certify lhb( tha marerial-descrined herein has been manufaciured in sccordanca With the spacifications and stendargs
- listed below and on tha revers side,end that it satisfies these requirsments.

Toxt Rusults of Hz.ﬂ Lot# 20158820

Lab Code: 125544 |
CHEM < MM R. s o8t N, Cﬂ MO cu SN v
e .30 .39 009 - ..002° .06 04 .05 .01 .08 008 .° .001
AL N B Tl NB
.0d0 0070 .0003° .007  .001

CHEM. DEVIATION EXT.-GREEN =
. Tost Rosulls of Ralling Lotd 2018923

E # of Teats Min Valie Max Value Moan Value ’
AOCKWELL B 3 57 61 59 . HB LAB = 0358-04
ROD SIZE B 423 .13z 1.128 i 3
ROD OUT OF POUND 2 - 008 - 008 N .068 .
REDUCTION RATIO = 4311 :
Spacilcations: g net Charter Sl::l Ou:I-ly Manual Rev §.08-07.09
: Moets cusi arter Steel i or the ﬁ:llowinn customer. datulnunu:
Custemer Document = ASTH ua/Ast.u Rovision =-' - Da wd 01-APA-1
Additignal Comments: ' Fax Number - 517-629-9535
g
. \;
» . ‘,-‘
B 354 [ Y,
Chartur Stes! 2 — = P e oy
3 This MTR £
Ceyshoys Hoighrs, OH, USA o M"“ds: l’talr s order
@)
. W ol l
: * W/ Janice Barnar
_ C ; g 5 . s
Rem: Load0, Fax 1, 1Maii0 ' Mm@:@—;} : Manager of Quality Assurance
> H | ; s il A, nalngirnaa. :

LegBSI 0

Figure B-34. 5/8 in. Diameter x 10 in.A (M16x25.4r mm) Long Guardrail Bolt and Nut, Part b3,

Test Nos. WIDA-1 and WIDA-2
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S e e cge oo

y Tne mlluwlng staternents are apphcab]e to'the materfal described on the front of this Test Report:
1. Exceptas noted, the steel supplied for this order was melted, mlled and processed in the United States
meeting DFARS compliance:
2. ‘Mercury was riot used during the manulfacture of this product. nor was the steel conlaminated wnh mer cuvy
. rduring processing.

. 3 Unless directed by the customer, there are no welds in'any oI the cmls produced.for this order,
4. The laboratory that generated the analyiical or test resu!!s can be identified by the rollowmg key:

ertificale

Number | Lab Code . Leboratory | 'Address
RSN 1 R , _._Charter Sieel i 7 o =
1T 0358<07 7388 CSSM - Melung Bivision -1553_Cald Springs Road; _Saukvllle:i\’( 53080 | i

GSSR/" | Charter Steel Rolling! | 1664 ¢oig Springs Road, Saukville, W] 52080

0358-02 oun cssp Processing Division
0358-03| 123633 | CSFP ggi;‘:;ﬁ;g\?;‘; 5255 US Highway 23, Risingsun, OH 43457 °
|2 ossa-04 | 128544 | ST | Cherier Steel Cleveland | 1309 E: 48t St. Cuyzhoga Heighis, O
» .'- B Subcontracted test perfermed by laboratory nat in Charter Steel system 3
9 When run by a Chaner Steel laboratory, the following tests were performed azcurdmg tothe latest -~ -
*. revislons of the specifications listed below, &s noted In the Charter Steel Laboratory Quality Manual:
Test - Possible Laboratory . Specification
CTer‘nis_(ry Analysis| CSSM, CSCMICSCR ASTM E415: ASTM E1019 :
K-ray. Fluorescence Stainless and Alloy Steel| CSCM/CSCR ASTM‘ES'JZ EED
[ k. Macroetch | CSSM, CSCMICSCR ASTM E381 A
Hardenability (Jominy) | CSSM, CSCMICSCR ASTM A255: SAE J405; JIS G0551
o Graln Size|CSSM S ..|ASTME112 W
___— - " Tensile Test| CSSRICSSP. CSFF; ASTMEB:ASTMAS70 -~ |
Rockwell Hardness| Al labs ASTM £18: ASTM A370
:' Microsirutture (spheroidization) cssn/és—ég_c_sr; - |astmassz i
“ll”s“’" Content (Methcda A, E)|CSSRICSSP, CSCMICSCRASTM E45 5

Chanar Stéel has been accrediled to perfoim all of the above tests by the “American Association for
Laboralory Accreditation (A2LA). These accreditations expire 01/31/13. ,
-All other test resuits associated with a Charter Steel laboratory that appear on the. fronit of this report, if any,
" yrere performed according 10 documented procedures developed by Charte' Steel-and are notaccreditéd
by A2LA. 3
. The lestresults on tha frant of this report are the e vaiues measured on the samples, taken Irom the
preduction lot. They do not apply to any other sample. :
This test report cannot be reproduced or distibutad except in foll wuhou\ the written permxss-on of Charter
Steel. The primary customer whase name and address appear on the (ront of this form may reproduce '.hls
 test.report subject 1o the following restrictions: b s
=it may.be distibuted only to their customers
=Both sides of all pages rust be reproduced in full
This certilcation is given subject Lo the terms and conditions of sale provxded in Chazrier Steel's
. acknowledgement (designated by our Sales Order numbe) to the customer's purchase order. Both
ordernumbers appear on the front page of this Report,
9. Where the customer has provided a specifiction, the resuits on the {ront of this lest report corrann lo
‘that specﬂ‘caﬂon unless otherwise noted on this test repm p

o

ot

f =

i

[ECOREDITED] *
e

Figure B-35. 5/8 in. Diameter x 10 in. (M16x254 mm{) Long Guardrail Bolt and Nut, -Part b3,
Test Nos. WIDA-1 and WIDA-2
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CHARTER o
STEEL.

CHARTER STEEL TEST REPOR'|

October 28, 2013
MwRSF Report No. TRP-03-279-13

LT p.0e2/061 414

1658 Cold Springs Rozd % )
-~ saukville, Wisconsi 53080
" (262) 2682400

Revarse Has ’}”e:r:t And Codas 18004378789
i cnmef Manufacturing Compary,. lrcA ; o - FAX (2632) 2682570 s
' « 4° ,
“. Cust PO, | 45917-1110
t ) Customer Part # 1.125 1010 -
Becker Manifacturing Corp: rter Sales Order. 30034370
703 N. Clark St. T Heat #- | 20168280
Steve Konide S@Q_LO‘ y 4101595
Albjon, MI-49224 < Grade:, 1010 A-AK FG RHQ 1-1/8
Kind Attn :Steve Konkl» 5 Process | HRACC
- Finish L= R 1/_8:{
| hereby certify that the material described herein hds been manufectured in ", ce with the sp and standards

. Yisted below and on the reverse side,and that it satisties these requirements,

* Test Besuls of Heat Lot 20766280

* Lab Code: 125544
CHEM c NI CR

MN - P

s S|

SN

S MO cu. v.
%W .08 35" .0os 004 ,o8 03 .03 010 .07 .006 .001
AL N 8T Ne
...038  .00BO - .0002 001 . ".Q01
CHEM, DEVIATION EXT.-GREEN = :
5 g Tesx Resulls of Rolling Lot# 2015961 7
) ; # of Yeurs Min Valus. V. Mieaa Vsive .
AOCKWELL S 6 54 x5 54 RB LAD = 035804
ROD SIZE . 16 ¥ 1.119 1.135 2127 P
ROD DUT OF ROUND, s 4 o1 012 012
| REDUCTION RATIO = a8:1

3 x S R
* Specificadons: “Monufactured per Churtor Steal Quality Manusl Rev 9.08.01.03
Mzers custemer rpuciications with 3ny ;r:nble Charzer Steal ap—ons for the Toliowing, cuswmcr documem
J s Castomer Documant = ASTM Azs/AzshZ ted = 01-APR-T1
* Addidonsl Commamis: . Fax Numbier,- 517-629.2535, ¢
. Charter Steel

e

O

Cuyshoga Mzights, OH, USA

k. AIEBEDXTED
of 1

i"Aem: Load0, Fax1,Mai0 -,
i % A . Tcmuz lear:u.u

Figure B-36. 5/8 in. Diameter x 10 in. (M16x254 mm) Lo
Test Nos. WIDA-1 and WIDA-2
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T’x-s MTR Supmed-x o8 previously
ted MTRS for this order

'
Jenice Barnard .
Manager of Quality. Assura
:. 10/09/2071

ng Guardrail Bolt and Nut, Part b3,
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Figure B-37. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Part b3,
Test Nos. WIDA-1 and WIDA-2
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Gt sy e g

The loilawing stalements are applicable 16 the material described on the front of this Test Report:
1. Except asrioted, the steel supplied for this order was melted, rolled, and prcce%ed in the United States

meeting DFARS compliance.

2. Mercury was not used during the manufacture of this product, nor was the smel contaminated with mercury

during processing,

<7 3. Unless directed by Lhe custemer, there are no welds in any of the coils produced for this order,
: 4, The laboratory that generated the analytical o test results can be. Idenuﬁed by the folfowing key:

[ sznﬁs:;e Lab Code Laboratory Address
G i i s RN e ey | Min%’;’éi“zf;n -1§53.Cold-Springs Road, Saukville; W 53080
0358-02 8171 %iss’;’ CFZ\;:E; S;Z"{,i‘l’i'l'gf’ 1658 Cold Springs Road. Saukville, Wi 53080
| 0358-03 | 123633 | osee ﬁ'&i?iﬁ‘;é’;ﬁﬁ 6285 US Highway 23. Risingsun, OH 43457
h\oﬂy | azssas %SSCC:“: Chanter Steel Cleveland :3?255‘1‘2;;‘ St., Cuyahoga Helghts, OH
o S - " | Subcontracted test perfarmed by laberatory natIn Charter Steel sysbem

o

When run by a Charter Steel laboratory, the following tests were perfarmed according to the latest
revisions af the spedifications lisled below, as noted.in the Charter Steel Laboratary Quality Manual:

P g Test Passible Lahoratory " Specification
B ~ Chemistry Analysis|CSSM, CSCMICSCR - | ASTM E415; ASTM 1019
K-ray Fluorescerice Stainkess and Alloy Steell CSCM/ICSCR >AS.TM E572.
Macroeteh| CSSM, CSCMICSCR - | ASTM E381
i Hardenability (Jomlny) | CSSM, CSCMICSCR ASTM A255; SAE J406; JIS GO551
N Grain Size|CSSM ASTMET12 )

GSSRICSSP, CSFP,

Tensile Test
— 2 SCMICSCR.

ASTM £8; ASTM A370

Rockwell Hardness | All labs

ASTM E18; ASTM A370

CSSRICSSP, CSFP

Lo Microstructure {spheroidization)
IJusmn Content (Methods A, £)! CSSRICSSP, CSCM/CSCRASTM E45

ASTM AB92

-t |

~Laboratory. Accreditation (A2LA). These accreditations expire 01/31/13.
All other test resulls associated with a Charter Steal laboratory that appear on the front of this report, if any.
were performed according to documemed procedures developed by Charter Steel and are not accreditad

by A2LA:

Charter Si€st has been accredited to parform all of the above tests by the American Association for

6. The testresults on the front of this report are the true values measured on lhe samples taken from the
production lot. They do nct apply to any other sample,

?'

'This test report cannot ba reproduced or distibuted except In full wl(houl (he written permission of Charter

Steel. The primary customer whase name and address appear on the front of this form may reproduce this
test report subject 1a the following restrictions:

=t may be ¢

only o thelr cL

=Both sides of all pages must be repmduced Infull

@

This certificelion is given subject o e terms and conditions of sale provided in Charter Steal's . i

- ‘acknowledgemenl [designaled by our Sales Order number) 10 the custemer's purchase order. Both

order numbers appear on the frant page of this Report.

9. .Where the customer has provided a specifiction,.the resuits on'the front of this test report conform lo
‘that specification unless otherwise noted on mls test report. ¥

ACOAEDITED)
iy Gy |

Figure B-38. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Guardrail Bolt and Nut, Part b3,

Test Nos. WIDA-1 and WIDA-2
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TRINITY HIGHWAY PRODUCTS, LLC
425 East O'Connor Ave.
Lima, Ohio 45801
419-227-1296

MATERIAL CERTIEICATION
Customer: Stock Date: OCT 18,2011
Invoice Number:
Lot Number: 110930B2

Part Number: 3360G Quantity: 116,239
Description' 5/8" x 1 1/4" GR Heat Number(s): 20156640 20161540
BOLT . 20161530

Specification: ASTM A307-A / A153 / F2329

MATERIAL CHEMISTRY
Heat % MN P S Sl NI CR_ MO CU . SN ) AL N B Ti NB
| 20156640| .09 | .34 [..011 ] .004'| .04 | .05 | .06 . .01 .08 | .007 | .001 | .027 | =007 |.0002| .001 | .001
20161530/ .09 | .33 | .007 | .005) .03.| .04 |..06 I .01 A0 | .003 | .001|..025 | .008 |.0001 .Od1 ,601
20161540 .08 |. .34 |..007°| .001 | .06 | .04 .| .06 l .01.] .08 | 003 |..001 | .028 | .006 .0002| 001 | .001 }

[ |

PLATING OR PROTECTIVE COATING
HOT DIP GALVANIZED (Lot Ave.Thickness / Mils) © 232 (2.0 Mils

##*THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA****

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.S.A
WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE ALL INFGRMATION CONTAINED HEREIN IS

CORRECT.
INITY HW PRODUCTS LLC
STATE OF OHIO, COUNTY OF ALLEN

SWORN AND SUBSCRIBED BEFORE ME THIS _18th DAY OF OCTOBER, 2011

s S o » NOTARY PUBLIC

425 E. O'CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

Figure B-39. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,
Test Nos. WIDA-1 and WIDA-2
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Trinity Metals Laboratory

ADIVISION OF TRINITY INDUSTRIES
4001 IRVING BLVD. 75247 - P.O. BOX 568887

NvIAg

DALLAS, TX 75356-8887 HEELSoaR SR
Phone: 214.589.7591 FAX: 214.589.7594
Lab No: 11100124F Recelved Date: 10/14/2011 Completion Date: 10/21/2011
KEITH HAMBURG Heat Code: Weld Spec:
TRINITY HWY PRODUCTS, LLC #55 Heat Number: 20156640, 20161530 Material Type: A 307 A
ROLLFORM ' PO or Work Order: 11093082 Material Size: 5/8" x 1-1/4" GR BOLT
LIMA, OH 45801 Test Spec: F606 ASTM METHODS
Other Information: SO#: 55-65321
OTHER TEST:
Type: HARDNESS ROCKWELL BW Quantity amount: 20
Bolt "A": 88-87 - 87 -87
Bolt "B": 85-87 -87-87
Bolt "C": 84-87 -87-87
Bolt"D": 88-89-88-88
Bolt "E": 87-88-88-88
Type: Notes Quantity amount: 1
Additional heat #: 20161540 '
Type: HEAD MARKINGS ) Quantity amount: 1

TRN USA 307A O

CG~ L0- Q-1

We certify the above results tc be a true and accurate rep ion of the ion or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-11.This report may not be used to claim product

certification, approval, or endorsement by NVLAP, NIST, or any agency of the federal government.

Lab Director, Michasi S. Bealon, PE

Page 10of 1

Figure B-40. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,
Test Nos. WIDA-1 and WIDA-2
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CHARTER e
STEEL

CHARTER STEEL TEST REPORT
Reverse Has Text And Codes

A Divisica of
Charter Manufacturing Company, Inc.

Tririty industriss Inc.
425 E, O Conner Ave
Sue Henline
Lima,GH-35801

Kind Atin :Sue Henline

I'hereby certify that the material described herein has been manulactused t1 accordance with the specifications and standards listed

below and on the reverse side,and that R satisfies these requirements.

1658 Cold Springs Road
Saukville, Wisconsin 53080
(262) 268-2400
1-800-437-8783

FAX (262) 268-2570

142496M-2 |
16084

¥ Test Results of Haat Lot? 20166840
Lab Code: 125544
CHEM c

1Y P s st u cR MO cu SN v
st .08 34 o1 00 05 .08 o 08 007 001
; ’
AL N 8 m w8
027 om0 0002 LG0T 601
CHEM. DEVIATION EXT.-GREEN =
- Test Results of Rollng Latd 2017253
REDUCTION RATIO = 152:1
pecificat T Wanu par Charter Steal Quality Manusl Rev 5,08-01-09 = ==
Maets customer speci with zny ap Chartar Steel for the following customes documents:
Customer Documant » ASTM A2S/A29H-11 Revision = . Dated = 01-APR-11

Addnienal Comments: Fax Rumber - 222-7383

" Charter Steal g
Cuyahogs Helghits, OH, US.

Rem: Load1,Fax1,Mail0 i Pagg“l‘;f 1

Figure B-41. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,

Test Nos. WIDA-1 and WIDA-2
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RECEIVED
SEP 14 2011

TRINITY HWY PRUOLUTS, L.
Lims, Ohio  Plant 55

This MTR Supersades ai pravio
datad MTRs Ior%:‘sa‘fg

Janice Bamard
Manager of Quality Assurance
09/14/2011

October 28, 2013
MwRSF Report No. TRP-03-279-13
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The following statesments are applicable to the material described on the frorit of this Test Repert:
1. Exceptas noted, the steel supplied for this order was melted, rolled, and processed in the United Slates
' meeting DFAR's compliance.
2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury
during processing.
3. Unfess directed by the custome, there are no welds in any of the coils produced for this order.
4. . The laboratory that generated the analyUcal or test results can be identiiied by the following key:

C;Ltge Lab Code Laboratory - Address

cssm Charter Steel 1653 Cold Springs Road, Saukville, W1 53080

0358-01 7388 Melting Division i

om0z | 8 | S3R | Charer ssi;egdoiﬂgngl 1688 Cold Springs Road, Saukville, W| 53080

Chaner Steel Ohio 6255 US Highway 23, Risingsun, OH 43457

0358-03 | 123633 | CSFP o Diision £
0358-04 125544 ((I:SCRI Charter Sleel Cleveland :3?255_11;%2 St, Gyyahoga Helghts, OH
" l * | = Subcontracted test performed by Iaboratory not in Charter Steel systam
5. When run by a Charter Steel laboratory, the following tests were performed accerding to the latest
revislons of the speuﬁcauons listed below, as noted in the Charter Steel Laboratery Quality Manual:
Test Specification CSSM | CSSRICSSP | CSFP | CSCMICSCR J
e
Chemistry Anatysis ASTM E415; ASTME1019 | X T
Macroetch ASTM E381 X X
ASTM AZ55; SAE 3067 J1S i X
Hardenability (Jominy) ; Goss1 X 1 |
Grain Skze ASTM E112 X | X X X
Tenisile Test ASTM E8; ASTM A370 X X X
Rockwell Hardness ' ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) |ASTM A892 X X
lEn\ausxon'C?nlem Methods A, [ asmE4s | % -
|Decarburization - | AsTM E1077 [ X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for
Laboratory Accreditation (A2LA). These acareditations expire 01/31/13.

All other test results associated with a Charter Steel [aboratory that appear on the front of this report, if any,
were performed according to documented procedires developed by Charter Steel and are not accredited
by A2LA.

6. The test results on the front of this repart are the true values measured on the samples taken from the
production fot, They do not apply to any other sample.

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter
Steel, The primary customer whose name and address appear on the front of this form may reproduce this
test report subject to the foflowing restrictions:

it may be distributed only to their customers
®Bgth sides of all pages must be reproduced In full

B. This certification s given subject to the terms and conditions of sale provided in Charter Steel's
acknowledgement (designated by our Sales Order number) to the customer's purchase order. Both
order numbers appear on the front page of this Report.

9. Where the customer has provided a specifiction, the resuilts on the front of this test report conform to
that specification unless otherwise noted on this test repo:

i
L
H
!

Figure B-42. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,

Test Nos. WIDA-1 and WIDA-2
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The g ts are app to the material described on the front of this Test Report:

1. Except as ncted, the steel supplied for this order was meited, rolled, and processed in the United States

meeting DFAR’s compliance. i )

2. Mercury was ot used during the manufacture of this product, nor was the steel contaminated with mercury
during processing. c

3 U\r.:::sgs dlrectedm!?y the customesr, there are no welds In any of the coils produced for this order.

4. The laboratory that generated the analytical or test resufts can be identified by the following key:

cate Lab Code Laboratory Address
0358-01 7388 cssM Mi';f“’gf,‘;z‘n 1653 Cold Springs Road, Saukvile, W1 53080
osse-0z | 81T | Can cm,;fofvﬂ'gﬁ’ 1658 Cold Springs Road, Saukvitle, W! 53080

0358-03 123633 CSEP Charter Steigdhil:' 6255 US Highway 23, Risingsun, OH 43457

[ £ 4300 E. 49th St., Cuyahoga Heights, OH
0358-04 125544 CSCR Charter Steel Cleveland 44125-1004 ‘
- =5 -- Subcoriracted test performed by laboratory not in Charter Steel system |

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest
revisions of the specifications listed below, as noted In the Charter Stee! Laboratory Quality Manual:

Test Specification CSSM | CSSRICSSP | CSFP | CSCM/CSCR

Chemistry Analysis . |ASTME415;ASTME1019| X ' X
Macroetch ASTM E381 X X
Hardenability (Jominy) mm X X
Graln Size ) ASTME112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwell Hardness ASTM E18; ASTM A370 X X X X
Micrastructure (spheroidization) | ASTM Ag92 X X

!En)duslon Contert (Methods A, FESTI % X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for
Laboratory Accreditation (A2LA). These accreditations expire 01/31/13.

All other test results associated with a Charter Steel laboratory that appear on the frent of this report, if any, :
were performed ding to d d procedures developed by Charter Steel and are not accredited i
by A2LA. H

6. The test results on the front of this report are the true values measured on the samples taken from the |
production lot. They do not apply to any aother sample.

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter
Steel. The primary customer whose name and address appear on the front of this form may reproduce this
test report subject to the following restrictions:

it may be distributed only to their customers
"Both sides of all pages must be reproduced in full

8. This certification is given subject to the terms and conditions of sale provided in Charter Steel's

acknowledgement (designated by our Sales Order number) to the customer’s purchase order. Both
. order numbers appear on the front page of this Report.

9. Where the customer has provided a speclfiction, the results on the front of this test report conform to

that specification unless otherwise noted on this test report.

i S e ——— —r - .- e —— —_—

Figure B-43. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,
Test Nos. WIDA-1 and WIDA-2
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CHARTER PR
STE E R,_ Saukville, Wiseonsin 53080

(262) 268-2400

A Division of CHARTER STEEL TEST REPORT 1-800-437-8789
A Has Text And Codes

Chartar Manufachwing Ccmpany, Inc. ; Reverse Has T t FAX (262) 268-2570

496M-1
& 009418
Trinity industries tne. 70023316
425 E. O Conner Ave 20181540
. Sue Henline SOTBATE ]
+ Lima,OH-45801 1070 RAK FG RHQ 41/64
Kirnd Atin :Sue Henline HR
2 if 41/64
| hareby certify that the materlal described hereln has been In with the i and listed
below and on the reverse side,and that It salisfies these requirements. 3
N Test Rosults of Haot Lot? 20151540 o
Lab Coda: 128544 :
CHERM c A P s s N cR MO | CU . SN v |
%wt 08 34 007 001 08 .04 08 o1 o8 003 .ot i
AL N B ! uB ¢
02 0080 0602 001 .00l E
CHERL DEVIATION EXT.-GREEN w . ;
Test Results of Rollng Low 2010475 3 f
REDUCTION RATIO w 152:1 H o g
-
Specifications: T Msnufschursd par Charter Steel Qualty Monoa) Rev D,00-01-00 p |
Dlents custom sp tions with any sppli Chartor Stas! Ter the Tollowing custumer documents: !
Customer Document « ASTR AZD/A28M-11 Revisione  Datad = D1-APR-11 . i
AddRlonal Cummenta: Fax Number -~ 222-7308 » t
I
i
i
i
¥
[
i
i
i
fs
£
£
FAINITY HWY FRODICTS, LLC
Lime,Ohlo  Plamss ¢
" Chenter Steal A ~Wviis MR supersedes 8l provioisly
Cuyahoga Helghts, OH, USA dated MTRs for this order
3 Janice Bamard
“Rern: LoadT,Fax1 Mao Pagetol1 . Niahager ol Cually AsStico
e S e SRR -

Figure B-44. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,
Test Nos. WIDA-1 and WIDA-2
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H c c R LOT NO. Post Office Box 8100
u 289716A Salnt Joe, indiana 46785

FASTENER DIVISIGN Telephone 260/337-1600
CUSTOMER NO/NAME .

8061 STRUCTURAL BOLT CO LLC NUCOR ORDER # 755201
TEST REPORT SERIAL# FB365324 CUST PART #
TEST REPORT ISSUE DATE 7/01/11
DATE SHIPPED 7/21/11 CUSTOMER P.O. # 12052
NAME OF LAB SAMPLER: Jeff Hoering, LAB TECHNICIAN

ERTIFIED MATERIAL TEST REPORTXKXXMNNURMXNRNNN
NUCOR PART NO QUANTITY LOT NO. DESCRIPTION
175647 3600 289716A 1-8 GR DH HV H.D.G.
MANUFACTURE DATE 5/06/11 HEX NUT H.D.G.
~-CHEMISTRY MATERIAL GRADE -1045L
MATERIAL HEAT *¥CHEMISTRY COMPQSITION (WTZ HEAT ANALYSIS) BY MATERIAL SUPPLIER
NUMBER NUMBER c MN P s SI NUCOR STEEL - NEBRASKA
RM0O26568 NF11201550 43 .68 .015 016 .20
HIN .20 .60
MAX .55 . 040 .050

-~MECHANICAL PROPERTIES IN ACCORDANCE WITH ASTH A563-07a
SURFACE CORE PROOF LOAD TENSILE STRENGTH
HARDNESS HARDNESS 90900 LBS DEG-WEDGE

(R30N) (RC) ) (LBS) STRESS (PSI)
N/A 27.4 PASS N/A
N/A 30.1 PASS N/A N/A
N/A 26.7 PASS N/A N/A
N/A 32.9 PASS N/A N/A
N/A 28.6 PASS N/A N/A
AVERAGE VALUES FROM TESTS PRODUCTION LOT SIZE 90000 PCS

29.1

ROTATIONAL CAPACITY TESTED IN ACCORDANCE WITH AZ25-09, A563-07a AND F606-09 TO 360 DEGREES OF ROTATION.
SAMPLE #1 PASSED SAMPLE #2 PASSED

~-VISUAL INSPECTION IN ACCORDANCE WITH ASTH A563-07a 80 PCS. SAMPLED LOT PASSED

--COATING - HOT DIP GALVANIZED TO ASTM F2329-05
1. o0.00228 2. 0.00523 3. 0.00583 4, 0.00849 5. 0.00952 6. 0.00656 7. 0.00754
8. 0.00272 9. 0.00720 ig. 0.00622 1l. 0.00349 12. 0.00397 13. 0.00532 14. 0.00430
15. 0.00583

AVERAGE THICKNESS FROM 15 TESTS .00563

HEAT TREATHMENT - AUSTENITIZED, OIL QUENCHED & TEMPERED (MIN 800 DEG F)

--DIMENSIONS PER ASHE B18.2,6-2006
CHARACTERISTIC HSAMPLES TESYED HMINIMUM HAXIHUM
Hidth Across Corners 1.8240 1.8290
Thickness 32 0.9750 0.9950

ALL TESTS ARE IN ACCORDANCE WITH THE LATEST REVISIONS OF THE METHODS PRESCRIBED IN THE APPLICABLE SAE AND ASTH
SPECIFICATIONS. THE SAMPLES TESTED CONFORM TO THE SPECIFICATIONS AS DESCRIBED/LISTED ABOVE AND WERE MANUFACTURED
FREE OF MERCURY CONTAHINATIgzénugo INTENTIONAL ADDITIONS OF BISMUTH, SELENIUM, TELLURIUM, OR LEAD WERE USED IN THE

T
THE STEEL WAS MELTED AND HANUFACTURED IN THE U.S.A. AND THE PRUDUCT WAS MANUFACTURED AND TESTED IN THE U S.A.
PRODUCT COMPLIES WITH DFARS 252.225-7014. WE CERTIFY THAT THIS D IS A TRUE REPRESENTATION OF INFORMATION
PROVIDED BY THE MATERIAL SUPPLIER AND OUR TESTING LABORATORY. THIS CERTIFIED MATERIAL TEST REPORT RELATES ONLY
TO THE ITEMS LISTED ON THIS DOCUMENT AND MAY NOT BE REPRODUCED EXCEPT IN FULL.

NUCOR FASTENER
A DIVISION OF NUCOR COXPORATION

ACCREDITED /
HECHANICAL FASTENER
CERTIFICATE NO. A2LA 0139.01 BOB HAYWOOD
EXPIRATION DATE 12/31/11 QUALITY ASSU

Page 1 of 1

Figure B-45. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,
Test Nos. WIDA-1 and WIDA-2
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Nucor Steel

NUCOR

NUCOR CORPORATION
NUCOR STEEL NEBRASKA

Sold To:  NUCOR FASTENER INDIANA
PO BOX 6100

4/27/2011 12:54:38 PM  PAGE

Mill Certification

4/27/2011

Ship To: NUCOR FAS
OU

October 28, 2013
MwRSF Report No. TRP-03-279-13

17001 Fax Berver

TEONEH INDIANA

PSL

2811 East Nucor Road
NORFOLK, NE 68%01

Fax: E4oz§ 644.0328

INT
6730 COUNTY RD 69 STJOE, IN 46785-0000
STJOE IN 46785-0000
260) 337-1800
ax: (435) 734 4581
Customer P.O.| 123364 Saies Order | 11481813
Product Group | Special Bar Quality Part Number | 30001281480V730
Grade | 1045L LotID | NF1120155051
Size | 1-9/32" {1.2813) Round Heat ID | NF11201550
Product | 1-9/32" (1.2813) Round 40" 1045L B.L Number | N1-199010
Description | 1045L Load Number| N1-147886
Customer Spec Customer Part#| 025018
1hasaby ertly ha s mateslad listed shove and fhal 1 sailsfies fose raquirementa
* - Test outside scope of L-A-B accreditation
C n v Si P Cu Cr NI Mo Al Cb
0.43% 0.08% 0.000% 0015% 0.15% 0.10% 0.06% 0.02% 0.002% 0.001%
Fb sn Ca *NICUMO
0.000% 0.C07% 0,0002%  0.0000% 0.23

“NICUMO: Cu + Ni+ Mo

*Reduction Ratio 34 :1

Specification Comments; Coarse Grain Practice

Sellenium, Tellurium, Lead Bismuth or Boron were not intentionally added to this heat.

1. Al manufadunn processes of the steal materials in this product, including melting, have been performed

in the United States,
| 2, All products prodiced are weld free,
i 3. Mercur in any form, has not been s

ed in the production or lzsﬁn% of ﬂ-ns material

m,
4.L.A.B Accredi gc Chemical Testing, Certificale L-2232 Expires 12

5 Test cor\icrm to ASTM A29-05, ASTM E415 and ASTM E1019- resdphun’ed grades or applicable customer
remy
eec}l\ll matena] melted at Nucor Steel Nebraska is produced in an Electric Arc Furnace

Chemistry Verification Checks

Part # g5/

RM# 26568

Checked By

Receiving OK,. o 020

Date

{é’i 3/ 1/

NBUE-10 May 12, 2008

Division Metallurgist

Tecember T a0

Sex 1y

Splice Boit

Reg :

Certifications OK:___J AT Y21/
A .s";{}‘
& ¢ \ &
é\\_@ :une?:?{mm Wsﬁ% i
COPER L2292 Tosting - Lhemive) Jim Hill

Page1 of 1

IR-0x 04

Figure B-46. 5/8 in. Diameter x 1 ¥ in. (M16x32 mm) Long Guardrail Bolt and Nut, Part b4,

Test Nos. WIDA-1 and WIDA-2
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Figure B-47. 5/8 in. (16 mm) Diameter Flat Washer, Part b5, Test Nos. WIDA-1 and WIDA-2

348



October 28, 2013
MwRSF Report No. TRP-03-279-13

s.L.5torey
LUMBER COMPANY, INC.
CERTIFICATE OF COMPLIANCE

AUGUST 4, 2009

MIDWEST MACHINERY & SUPPLY
PO Box 81097
LINCOLN, NE 68501

THE FOLLOWING MATERIAL DELIVERED ON 8/3/09 ON BILL OF LADING NUMBER 19477 HAS BEEN INSPECTED
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE NEBRASKA DEPARTMENT OF
ROADS REQUIREMENTS FOR SOUTHERN YELLOW PINE TIMBER GUARDRAIL COMPONENTS, PRESERVATIVE
TREATED WITH CHROMATED-COPPER-ARSENATE (CCA-C) TO A MINIMUM RETENTION OF .60 LBS/CU.FT. THE
ACCEPTANCE OF EACH PIECE BY COMPANY QUALITY CONTROL IS INDICATED BY A HAMMER BRAND ON THE END

OF EACH PIECE.
MATERIAL CHARGE # DATE RETENTION QUANTITY
6x8x14"  Blockout (CD) 09-283 7/29/09 0.67 70
6x8x6” Line Post 09-283 7/29/09 0.67 175
51/2x71/2-46" TB Bullnose 09-283 7/29/09 0.67 48
6x6x8"  Blockout 09-283 7/29/09 0.67 100
6x8x22"  Blockout 09-283 7/29/09 067 70

THIS CERTIFICATE APPLIES TO MATERIAL ORDERED FOR your order no.: .2 | 9 |
FOR ANY INQUIRIES, PLEASE RETAIN THIS DOCUMENT FOR FUTURE REFERENCE.

THANK YOU FOR YOUR ORDER.
SINCERELY,

et

Karen Storey

SIGNED BEFORE ME THIS 4 DAY OF AUGUST 2009.

Phone: 706-234-1605 P.O. Box 99, Armuchee, GA 30105 Fax: 706-235-8132

Figure B-48. BCT Timber Post - MGS Height, Part c1, Test Nos. WIDA-1 and WIDA-2
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C-harge Report Charge : 283 Total Board Ft: 6,037
PlantNo.: 1 Treatment : Guardrail Type 1 Total Cubic Ft : 491
Address Date : 7/29/09 12:42:23PM Total Treatable Cubic Ft : 491
S.1. Storey Lumber Co. Chemical : CCA Displaced Volume In : 502
285 Sike Storey Rd. Target Retention : .60 Displaced Volume Out : 535
Armuchee, GA 30105 Cylinder: 1 ( 9,090 ) Volume Start: 8,616
PH: 706 234-1605 Tank: 3 Volume Finish: _7.598
Fax:706 235-8132 Operator : Richard Volume Used : 1,018
Total Time : 2:06:43 Penetration Sampled : 0
ErFfReg. No:2008-36 Turn Around Time (min): 2,676 Penetration Failed: 0
Time/Date Off Drip Pad : Treat By Tally : True
Step Time Pressure Injection Retention Flow Rate Time Volume Reason
Min  Max _ Act Min  Max Act! Min Max Act | Min  Max Act Min Max Act Ramp Start End End
Initial Vacuum 0 17 17 0 -23 -23[000 0.00 0.00 | .00 .00 .00 0.00 0.00 000 O 12:42:23 12:59:25 8.616 Time
Fill 0 10 i 0 -23 10}000 0.00 0.00 | .00 .00 .00 0.00 0.00 . 0.00 0 12:59:25 13:06:05 3.281 Full
Raise Press 0 2 0 0 75 78/0.00 000 008 | .00 .00 .01 0.00 0.00 000 O 13:06:06 13:06:26 3.159 PSI
Pressure 1 45 45 75 140 128/ 000 320 1.97 | .00 .00 .32 0.00 0.00 0.01 1 : 2229 Time
Press Relief 0 1 1 0 25 13]0.00 0.00 1.93 | .00 .00 31 0.00 0.00 000 1 8 2249 PSI
Empty 0o 10 9 0 0 0000 000 261 | .00 .00 42 0.00 0.00 000 o0 13:52:15 7334 Empty
Final Vacuum 0 45 45 0 -29 -26/000 175 210 | .00 .00 34 0.00 0.00 0.01 0O 14:00:35 4: 7.588 | Time
Final Empty 0 1 2 -1 -1 -1 1000 000 209 | .00 .00 .34 0.00 0.00 000 O 14:45:57 14:48:02 7593 Empty
Finish 0 1 1 0 -1 0000 000 207 | .00 .00 34 0.00 0.00 000 O 14.48:03 14:49:06 7.598 | Time
Solution Percent

Total Lbs.

CCA

Retention

Totals: | 1.90% 190% | 1624 | 1624 |

1624 1 165 | 165 | 337 | 337 ] .60

Additive List

Automatic Mix Information

<. Chemical™ =5~ Current Value Target Valus .
: ; .| 1319 Gals. 1,311 Gals. -8 Gals.
[ CCA [ 188% | 190% [ 25 Gals. | 25 Gals. | -Gals. |
1 021.001021.60 Pieces: 175 Packs/Size : 5 @_35_  Desc: 6x8x6 Line Post Rough Nebraska #1 Dense BF: 4,200 CF: 350 HW:__- % Moist. Cont: - %
Std.: .60 Mill: Cust Num: None Retreat?: _False Chg#: 0 Species: SYP Rem1: None
2 _ 021.001008.60 Pieces: 70  Packs/Size: 1 _@_70  Desc 6 x 8 x 0-14 Blockout Rough BF: 329 CF: 27 HW:_- % Moist. Cont: _- %
Std.: .60 Mil: Cust Num: None Retreat?: _False Chg#: 0 Species: SYP Remft: None
3 9999 Pieces: __ 48 Packs/Size : 1_@_48_  Desc 5-1/2 x 7-1/2 x 0-46 TB Bullnose Post BF: 720 CF: _ - ANALYSIS REPORT
Std.: 60 Mii: CustNum: __ None _ Retreat?. _False ~ Chg#: 0 Species: SYP
4 9999 Pieces: 70 PacksiSize: __1_@_70  Desc: 6 x8x 022" Rough Blockout __—__ BF: _ 513 CF: RETENTION
Std.: 60 Mill: Cust Num: None Retreat?. _False  Chg#: 0 Species: SYP 3 CRO3 = 8,32 pct
5 9999 Pieces: _ 100 Packs/Size: __ 1 @ _100  Desc: 6 x6x8" Post Block CCA .60 BF: 275 CF: o = .12 pct
Std.: .40 Mill: Cust Num: None Retreat?: _False Chg#: 0 Species: SYP B 4 fA5205 = 8.23 Fct
TOTAL RETENTIOH
8.67 rcf
P .ted on: 8/4/09 9:34:53AM Plant Number : 1 Charge Number : 283 Pana 1 af 1

Figure B-49. BCT Timber Post - MGS Height, Part c1, Test Nos. WIDA-1 and WIDA-2
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MATERIAL TEST REPORT

LEAVI?( JBE COMPANY, LLC

Leavitt Tebe Co., LLC
1717 W. 115th st.
\TE: 09/25/07 Chicago, IL 60643
PAGE: | 1
BILL OF LADING: 164358

CUST: STEEL & PIPE SUPPLY - CATOOSA OK

1050 FORT GIBSON ROAD
CATOOSA OK 74015

ATTN: * Test Report Desk
106201 8027185

Qry. CUSTOMER

i

TUBING MANUFACTURED IN USA

The Tube People Phone: 773-239-7700
Phone: 1-800-LEAVITT
Fax: 773-239-1023
www.leavitt-tube.com
QA1002-0003 Rev. 0

ORDER CUSTOMER ASTM

ITEMNO. PIECES SIZE, GAUGE,LENGTH SHIPPED P.O. NUMBER PART NBR SPECIFICATION GRADE
1 7 8.625-322HRSB 252 147 4500088611 1015580 1.000 A500-03b B
2 6 12X2-188HRB 480 240 4500088813 1016034 1.000 A500-03b B

3-4 28 8.625-322HRB 504 1,176 4500091471 1025579 1.000 A500-03b B

5 9 8X6-188HRB 480 360 4500092386 1029189 1.000 A500-03b B

ITEM NO. 1 2 3 4 5

COIL NO. 395453 395532 395813 395460 391232

HEAT NO. 722562 722551 722564 722564 A13386

CORRECTED COIL

CARBON 210 .210 210 210 .220

MANGANESE .820 .860 1820 .820 .700

PHOSPHORUS 004 .006 .004 .004 .006

SULFUR .006 .004 1006 .006 .003

ALUMINUM .047 .050 047 .047 .024

SILICON 020 .030 1020 .020 .030

WELD TESTING FLATTEN FLARE FLATTEN FLATTEN FLARE

YIELD STRENGTH (Psl) 47,297 52,000 55,056

TENSILE STRENGTH (Psl) 62,162 | 70,666 70,787

ELONGATION IN 2" (%) 29.0 / 31.0 27.0

item(s)- 12345 Are f
I 1 HEREBY CERTIFY Th AHOVE 1S CORRECT
Made and Melted AS CONTAINED ORDS OF THE COMPANY.
In The U.S.A.

i 1
i - IDA-2
Figure B-50. 72 in. (1,829 mm) Long Foundation Tube, Part c2, Test Nos. WIDA-1 and W

€1-6/2-€0-dY.L 'ON Moday 4SHMA

€702 '8¢ 1990100
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Lertined Analysis ‘g‘%

o™
£ Trinity Highvey Products , LLC ‘ '
¥ 425E.OConsor Grder Number: 1108107
g Lima, OF Customer PO: 2132 Spob S
Costomer: MIDWEST MACH.& SUPPLY CO. BOL Nambsr: 48341
P. Q. BOX 81097 Document & 1
Shipped To: NE
LINCOLN, NE. 68501-1097 Use State: KS
Project:  STOCK

>
% Gty Part# Description Spee CL TY HestTodef Heatd Vield T8 Bg € &= P 8 S Cu €& Cr Vo ACW
E M-120 A 2 CA9037 64,600 88 400 212 0210 4350 6010CO00 0030 0.080 00000060 0010 4
g 25 736G 5YFUBE SLLIBE"XG"RE'FLA  A-300 . Y8591z 36,500 73,950 37.0 0210 0.9% 0009 0806 G016 010 000 9.020 (o014
g 13 420G 60 TUBE SLAL1EEXEXG A-500 YB5012 56,500 72,980 370 0210 0370 0.009 0006 0016 0.010 900 0030 COGI 4
g 26 T64G  HATX24"X24"SOIL PLATE A6 120039 46,660 3,630 269 G190 0.520 0012 0.003 0.020 G000 @80 (04D 0000 4

2 923G BRONSTAD 98" W/0 }-180 A T BRR 62,590 2,00 266 3190 0230 0015 0.80¢ DU2E 0110 000 MO 0000 4

4 NG 19_-“’23212 gHgEIEXT M4-180 B 2 A%4375 59.97¢ 7,647 234 0210 0.950 0017 0.005 0.03G GOS) 006 6.036 0902 4
o
je)
b
é Upea delivery, ail materials subject to Trinity Highway Products , LLC Storage Stain Policy Neo. LG-002.
E ALL STEEL USED WAS MELTED AND MANUFACTURED IK USA ANDCOMPLIES WITH THE BUY AMERICA ACT.
Q ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEFL MEETS ASTM A38

ALL GALVANLZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.
BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED B ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

n:"vD: NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
5 34" DIA CABLE 6)19 ZINC COATED SWAGED END AISI C-1¢35 STEEL ANNEALED STUD 1" DIA  ASTM 449 AASHTO M30, TYPE [I BREAKING
o STRENGTH-49100LB '
aed
g Stats of Ohio, County of Allers. Swom and subscribed before me this 22nd day of May, 2009
§ Notary Public: 4!(/):)
8 Commission Expires  // 12g02

4 of 7

Figure B-51. 72 in. (1,829 mm) Long Foundation Tube, Part c2, Test Nos. WIDA-1 and WIDA-2

€T-6.2-€0-dd.L "'ON Hoday 4SHMI
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S Costomer: MIDWESTMACH.& SUPPLY CO. Seles Order: 1003407 Print Date: 6/36/08
P. 0. BOX 812097 Customer PO; 2030 Project: RESALE
§ ; BOL# 43073 Shipped To: NE
= Document# 1 Use State: S
LINCOLN, NE 68501-1057
Trinitv Highway Producis. LLC
Certificate Of Compliance For Trinity Indastries, knc, ** SLOTTED RAIL TRRMINAL **
NCHRP Report 350 Compliant
5 Pieces Description
Z 3 12/12/6/S SRT-1
§ 32 12/25'0/SPBC/S SRT-2
g 32 3/16X12.5X16 CAB ANC BRKT
- 33 7" X 5 1/2" PIPB (LONG) -
64 6'0 TUBE SL/.138X8X6
gaz 5/8 X 6 X 8 BEARING PLATE
=32 - 12/BUFFER/ROLLED
32 CBL 3/AX6'6/DBL SWG/NOEWD
640 5/8° RD WASHER 1 %/4 OD
1,728 5/8" GR.HEX NUT
1,152 5/8"X1.25" GR BOLT
256 5/8X1.5" HEX BOLT A307
54 5/8"X9.5" HEX BOLT A3(7

Upon detivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No, LG-00Z.

Aan-761-290R%

<ALL STEEL USBD WAS MELTED AND MANUFACTURED IN USA AND COMPLIBS WITH THE BUY AMERICA ACT
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
glsLL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123,

?30LTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCOPCDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
"\IUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACOORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
14" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-IOSS STEEL ANNEALED STUD 1'DIA ASTM449 AASHTO M30, TYPE I BREAKING

a‘TRENG’IH 49100 LB :
Trinity Highway Products, LLC %
Certified By:

Figure B-52. Strut and Yoke Assembly, Part c3, Test Nos. WIDA-1 and WIDA-2

€1-6/2-€0-dY.L 'ON Moday 4SHMA
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Certified Analysis

Trinity Highway Products, LLC
550 East Robb Ave. Order Number: . 1145215
Lima, OH 45801 Customer PO: 2441 i ey
Asof 4/15/11
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 61905
P.0.BOX 703 Document# 1

Shipped To: NE
MILFORD, NE 68405 Use State: XS
Project:  RESALE

Qty Part# Description Spec CL TY Heat Code/ Heat# Yicld TS Elg C Mn P S Si Cu Ch Cr VaACW

16 206G TI2/6'3/S M-18¢ A 2 140754 64,240 82,540 264 0.190 0.740 0.015 0.006 0.0:0 0.110 C.00 0.060 0.000 =
M-180 A 2 139587 64,220 81,750 28.5 0.190 0.720 0.0{40.003 0.020 0.!30 ©.0000.060 C.002 4
M-180 A2 139588 63,850 82,080 249 0200 0.730 0.0120.004 0.020 0.140 0.0000.050 0.002 4
M-180 A 2 139589 $3,67C 74,810 277 0.190 0.720 0.0120.003 0.020 0.130 0.0000.060 €002 2
M-180 A 2 140733 59,000 78,200 28.0 0.190 0.740 0.0150.006 0.010 0.120 0.00060.070 0.081 2
55 260G T12/25/6'31S M-130 A 2 139588 : 63,350 82,080 249 0200 0.730 0.0i2 0.004 0.020 0.140 0.00 0.050 0002 4
M-180 A 2 139206 61,730 78,580 260 0180 0710 0.0120.004 0.020 C.140 0.000 0,050 0.001 4
M-180 A 2 139587 64,220 81,750 28.5 0.190 0.720 0.014 0.005 0.020 C.13¢ 0.000 0.060 0.002 4

M-180 A 2 140733 59.060 78,200 28.1 0.190 0.740 ©.0150.006 0.010 0.120 0.000 0.070 0.001

M-180 A 2 140734 64,240 82,640 26.4 0.190 0.740 0.015 0006 0.01C 0.110 0.0000.060 D.000
260C : M-180 A 2 140734 64,240 $2,640 26.4 0.190 0.740 0.015 0.006 0.010 0.i10 0.00 0.060 0.C00 <
M-180 A 2 129587 64,220 81,750 28.5 0.190 0.720 0.014 0.003 0.026 0.130 0.000 0.060 0.002 <
M-180 A 2 139588 63,850 §2,080 249 0200 0.73¢ 0.0{2 0.004 0.02C 0.140 0.000 0.050 0.002 4
M-180 A 2 139589 35,670 74,810 27.7 €.190 0.720 0.0120.003 0.020 0.130 ©€.000 0.060 0.002 4
M-i80 A 2 140733 59,060 78,200 28.1 0.190 0.740 0.0150.006 0.010 0.120 0.0000.07¢ 0.007 «
26__701A -25X11.75X16 CAB ANC A-36 V911470 51,460 71,280 27.5 0.120 0.800 0.0i5 0.03C 0.i90 0.300 0.00 0.09C 0023 4
1A A-36 N3540A 46,200 65,000 310 0.120 0.380 0.010 0.019 0.010 0.180 0.00 €.070 0001 4
24 129G TS §X6X3/16X8"-0" SLEEVE ~ A-300 N4747 63,548 85,106 27.0 0.150 0.610 0.013 0.601 0.04C G.160 000 0.160 0.004 4
24 749G TS $X6X3/16X6'-0" SLEEVE ~ A-500 N4747 63,548 85,106 27.0 0.150 0.610 0.0!3 0.001 0.040 C.16C 0.00 0.160 0.004 =&
220 782G §!§'ZXS'XS"BEARPUOF A-36 18486 48,000 78,000 25.1 0210 0.860 0.021 0.038 G.25¢ 0260 0.00 0.170 0014 4
25 S$74G TIZTRANS RAIL/63"/3'L5 M-180 A 2 40755 61,390 80,240 27.1 0200 0.740 0.014 £.005 0.010 0.120¢ Q.00 0.070 3.00! 4

1of 2

Figure B-53. 8x8x5/8 in. (127x203x16 mm) Anchor Cable Bearing Plate, Part c4, Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

NOVEMBER 15TH 2011

TRINITY INDUSTRIES-DALLAS
TRINITY INDUSTRIES-LLC-55
550 EASf ROBB AVE.

LIMA, 'OHIO 45801

_ATTN: MR. KEITH HAMBURG

< et e T
gt N SRR ey

ENCLOSED ARE THE NECESSARY COMPLIANCE CERTIFXCATES FOR
YOUR PURCHASE 0RDER#“146071. THESE CERTIF ICATES ARE FOR
YOUR PART # 003000G (750) PCS 3/4” X GFT 6IN DOUBLE SWAGE GUARD

' 2, RAIL ASSEMBLIES YOUR PART #603@%’1’@*‘{20)’!‘03 3/4” X 11FT 3IN SINGLE

. SWAGE GUARDRA[L.ASSEMBLIES,. YOUR PART #003012G ( 159) PCS3/4” X

ES, THEY SHOW THE

D; MELTED AND MANUFACTURED IN

: DOMESTICI’I'Y OF ALL. MATER
- THEUSA.
"/ "VERY TRULY YOURS ..

38 CARPENTER

FICE / CUSTOMER SEI

: *’HE_“c?jr'Véb
gl s B "NOV 18 z’oﬁ

Figure B-54. BCT Anchor Cable Assembly, Part c5, Test Nos. WIDA-1 and WIDA-2
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October 28, 2013
MwRSF Report No. TRP-03-279-13

24150 Oak Grove Lave
PO Box 844
Sedalia, MO 65302

WireCo g
WorldGroup

- ~ November 9ih, 2077 S — —
Order No. 81156

CERTIFICATION OF COMPLIANCE

This is to certify that the diameter, strand construction, minimum breaking strength, and wire
coating weights for RP122260 3/4 6x19W RR A741 CL~A SC -US produced on 428-277631

are in‘accordance with ASTM A741-98 (2003) titled “Standard Specification for Zinc Coated
Steel Wire Rope and Fittings for Highway Guoard Rail”,

All rope manufacturing processes occurred in the United States,
All steel used was melted and manufactared in the United States.

)

ACTUAL TEST DATA

MEASURED ROPE DIAMETER: 0.7560

STRAND CONS'I'RUCHON: 19 WARRINGTON 1-6-(6+6)

BREAKING STRENGTH: 51,885 pounds Req’d. 42,800 pounds

ZINC COATING WEIGHTS (Class A):  Wire Dia. w Am_Q_szt_’
0395 N/A 0429
04607 040 0454
0540” 040 0.444
06107 040 0.463

WIRECO WORLD GROUP

Michele Johnson

Quallty Process Adminlstrative Assistant

¥ O '
Page 1

Figure B-55. BCT Anchor Cable Assembly, Part c5, Test Nos. WIDA-1 and WIDA-2
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Certificate of Compliance

October 28, 2013

MwRSF Report No. TRP-03-279-13

Report of Chemical Analysis and Physlcal Tests
Cust ‘ G ial Group Datg November Sth, 2011
G-2427 £ Judd Group
Burton, MI 48529
Order 81156 Real numbers 428-277631-1-2-3 Rope Descriptfon 3/4 6x19W RR A741 CLA SC
Tensile Strength Torsion
ttem Lbs. per Wi Test|Heat
No. Description Lba. 5q. in. Coat 8" [No. C MN_|P S Si
001 |.0395™ Galvanized Wire
0.0395 344 281,000 0.413 87 {41RS41721{0.81 (059 |0.018]0.007 J020
11R541722|0.80 (056 0.01110.008 (023
0.0385 344 281,000 04N 86 |10R534625(0.79 |0.60 {0.012{0.003 [0.22
10R536303 {0.79 |0.54 | 0.008{0.006 |0.23
0.0395 329 268,000{ [0418 69 |10R532013 [0.81 {0.56 |0.013{0.007 (021
10R532686 |0.80 (0.55 | 0.011]0.004 {0.24
0.0395 348 284,000 0.415 86 [BR525608 |0.79 {0.56 |0.015|0.010 (0.24
0.0385 359 233,000 0.448 81 |10RS36602(0.83 [0.59 | 0.014{0.004 [0.21
81 {11R530538/0.74 (067 [0.012/0.007 |0.22
0.0395 331 270,000{ [0.448 94 {10R532886{0.80 |0.55 |0.011j0.004 [0.24
0.0395 348, 285,000 0.349 79 {10RS3860210.81 |0.56 {0.009/0.008 |0.25
002 |.0480™ Galvanized Wire
D.0460 417 251,000 0.478 63 [1ORB39658 |0.79 [0.53 {0.008 |0.009 {0.23
L 10R53484310.58 {0.70 [0.012{0.004 [0.23
0.0460 431 259,000 0.431 78 {08R521560)0.79 0.57 (0.017 [0.005 (0.2
2240.80 [0.56 }0.01210.013 |0.18
0.0460 429 258,000/ 0.458 87 0.79 10.58 |0.009)0.006 |022
0.0460 '] 425 256,000, 0.450 69 |07RS1403140.7S |0.59 [0.01410.014 [0.22
003 |{.0540" Galvanized Wire
0.054 661, 289,000 0.418 56 [10R5384340.79 [0.58 [0.009 [0.006 [022
10RS38258 (0.81 [0.57 [0.010|0.006 |[0.24
{10R534277 10.63 |0.56 {0.006 {0.001 |0.24
0.054 651 284,000 0.467 58 |09R527474[0.80 {0.57 [0.011{0.014 |[0.20
0DRS20653 [0 80 [0.58 10.010{0.011 |0.25
0.054 671 293,000, 0A77 53 [14R530641 (0,79 |0.51 |0.013|0.008 |0.22
1 .78 [0.65 10.001 [0.006 |0.27
0.054 849 283,000 0.428 62 |08R53102810.80 |0.58 |0.010]0.009 |0.23
0.054 658 287,000 0.431 59 |10RS31471(0.80 |0.57 [0.012(0.011 [0.24
0.054 622 272,000 0.443 58 [10R532996(0.81 |0.56 |0.008 {0.005 [0.23
004 [.0610" Galvanized Wire «
0.061 741 254,000 0.411 584/08R519995(0.80 [0.57 10.0130.11 0.21
0.081 781 267,000 0.504 46 [11R52860810.79 [0.65 |0.011]0.006 [0.27
11R530641 {0.79 [0.51 10.0130.008 |0.22
0.061 775) 265,000, 10.478 58 0.80 [0.58 [0.010]0.009 |023
The material covered by this certification was manufactunsd and tested in
accordance with spacifications as listed above. We certify that representative The physical, or tosts

samples of the materia! have been fested and the resulls conform ta the
requirements outlined in these specifications.

Signed:
Page 2

reported above are correct as contained in
the records of the corporation.

Michele Johnson

i

Figure B-56. BCT Anchor Cable Assembly, Part ¢5, Test Nos. WIDA-1 and WIDA-2

357



¢ Sep.08,2011 10:37 aM

October 28, 2013
MwRSF Report No. TRP-03-279-13

PAGE. 2/ 16
' Aar. 24, 2001 3:18PM NEW DIMENSION METALS No. 5031 r /1
* — N MATERIAL CERTIFICATION DRaaNR034
3050 Dryden Rd.
Dayton, Ohio 45438
(937) 299-2233
: Ship Tor )
REMLINGER MANUFACTURING REMLINGER MANUFACTURING
P.O. BOX 299 16384 U.S. 224
KALIDA, OH45853 KALIPA, OH 45853
womles o o e
—_— e
Customer PO#: 007748-00 Customer Part#: T
Order Date; 126/2010 Item Description
NDM SOC: 303504- 7 HR 1-5/8 RD 1035 X 20 FT
AL FG /VAC-DEGAS
Item coda: H1625RCH2000MOD2 AIM 3538 CARBON / ASTM A576
MATERIAL TEST RESULTS
Chemical Composition % € 2in £ 2 - — Cu_ g .t B £b Al
3 0330 0.760 0,018 0.024 0250 0,060 050 0,410 0020 0,000 0.000 0.035
Materls} Grade: 1035
Grade Min:  0.320 0.600 0.000 0.000 0.000 0.000 0.000 0.000 06.000 0.000 0.000 0.000
Max . 0380 0800 0040 0050 0350 0350 0350 0350 0350 0350 0000  0.350

Material cenforms to ASTM A-576.

New Dimension Metals Corp.

" Docat M. Wiy

Daniel M. Wilson
Director of Quality & Technical Services

New Dimension Metals 1ISO 8001:2008 certlficate# 3600

| certify that the above information is true and accurate as contained in the records of the company,

Form: NDMQ200-R (10/08)
Pagelof 1

Figure B-57. BCT Anchor Cable Assembly, Part c5, Test Nos. WIDA-1 and WIDA-2
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Figure B-58. BCT Anchor Cable Assembly, Part ¢5, Test Nos. WIDA-1 and WIDA-2
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Certified Analysis

Trinity Highway Products, LLC
550 East Robb Ave. Order Number: . 1145215
Lima, OH 45801 Customer PO: 2441 iesg
i e e ) Asof:4/15/11
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 61905
P.0.BOX 703 Document# 1
Shipped To: NE
MILFORD, NE 68405 Use State: XS
Project:  RESALE
Qty Part# Description Spec CL TY Heat Code/ Heat# Yicld TS Elg C Mn P S Si Cu Ch Cr VaACW
16 206G TI26'3/S M-18¢ A 2 140734 64,240 82,540 264 0.190 0.740 0.015 0.006 0.0:0 0.110 C.00 0.060 0.000 =
M-180 A 2 139587 64,220 81,750 28.5 0.190 0.720 0.0{40.003 0.020 0.!30 ©.0000.060 C.002 4
M-180 A 2 139588 63,850 82,080 249 0200 0730 0.0120.004 0.020 0.140 0.0000.050 0002 4
M-180 A 2 139589 $3,67C 74,810 277 0.190 0720 0.0120.003 0.020 0.130 0.0000.060 €002 4
M-180 A 2 140733 59,000 78,200 28.0 0.190 0.740 0.0150.006 0.010 0.120 0.00060.070 0.081 2
55 260G T12/25/6'31S M-130 A 2 139588 : 63,350 82,080 249 0200 0.730 0.0i2 0.004 0.020 0.140 0.00 0.050 0002 4
M-18C A 2 139206 61,730 78,580 260 0180 0710 0.0120.004 0.020 C.140 0.000 0,050 0.001 4
M-180 A 2 139587 64,220 81,750 28.5 0.190 0.720 0.014 0.005 0.020 C.13¢ 0.000 0.060 0.002 4
M-180 A 2 140733 59.060 78,200 28.1 0.190 0.740 ©.0150.006 0.010 0.120 0.000 0.070 0.001
M-180 A 2 140734 64,240 82,640 26.4 0.190 0.740 0.0150.006 0.01C 0.110 0.000 0.050 0.000
260C et M-180 A 2 140734 64,240 $2,640 264 0.190 0.740 0.015 0.006 0.010 0.110 0.00 0.060 0.L00 <
M-180 A 2 129587 64,220 81,750 28.5 0.190 0.720 0.014 0.003 0.026 0.130 0.000 0.060 0.002 <
M-180 A 2 139388 63,850 §2,080 249 0200 0.73¢ 0.012 0.004 0.020 0.140 0.000 0.050 0.002 4
M-180 A 2 139589 35,670 74,810 277 €.190 0.720 0.012 0.003 0.020 0.i130 ©€.000 0.060 0.002 4
M-i80 A 2 140733 59,060 78,200 28.1 0.190 0.740 0.0150.006 0.010 0.120 0.0000.07¢ 0.007 «
26__701A -25X11.75X16 CAB ANC A-36 V911470 51,460 71,280 27.5 0.120 0.800 0.0i5 0.03C 0.i90 0.300 0.00 0.09C 0023 4
1A A-36 N3540A 46,200 65,000 310 0.120 0.380 0.010 0.019 0.010 0.180 0.00 €.070 0001 4
2¢ 729G TS §X6X3/16X8"-0" SLEEVE ~ A-300 N4747 63,543 85,106 27.0 0.150 0.610 0.013 0.601 0.04C G.160 000 0.160 0.004 4
24 749G TS $X6X3/16X6'-0" SLEEVE A-500 N4747 63,548 85,106 27.0 0.150 0.610 0.0!3 0.001 0.040 C.16C 0.00 0.160 0.004 =&
220 782G 5/8"X8"X8" BEAR PL/OF A-36 18486 42,000 78,000 25.1 0210 0.360 0.021 0.0356 G.25¢ 0260 0.00 0.170 0.0i4 4
25 S$74G TIZTRANS RAIL/63"/3'L5 M-120 A 2 140755 61,350 80,240 27.1 0200 0.740 0.014 £.005 0.010 0.120¢ Q.00 0.070 3.00! 4

1of 2

Figure B-59. Anchor Bracket Assembly, Part c6, Test Nos. WIDA-1 and WIDA-2
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Figure B-60. 2 3/8 in. (60 mm) O.D. x 6 in. (152 mm) Long BCT Post Sleeve, Part c7, Test
Nos.WIDA-1 and WIDA-2
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LA

0 730265937 " 2

MFG Lot No (1T) 1N1060583

NUVHLARInA

PFC LOT NO (K) 10051715
BOX SEALED TO SECURE INTEGRITY
S5/8 —11

FINISHED HEX NUTS COARSE

Figure B-61. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Hex Head Bolt and Nut, Part c8,
Test Nos.WIDA-1 and WIDA-2
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Birmingham Fastener Manufacturing

P.O. Box 10323

Birmingham, Alabama 35202

205) 595-3512 Pglofl
Certificate of Compliance
Customer : MIDWEST MACHINE BFM # : 100325-00 |
P.O. #: 2430 Date Shipped : 3/21/2011 i
Item |Quantity Description Lot# Heat # Specification | Finish i
2 100 5/8"-11 x 10" HEX BOLT 154572 780337 ASTM A307GR A HDG i
3 156 5/8"-11 x 12" HEX BOLT 156402 [DL1010223101] ASTM F1554-36 HDG
4 504 5/8"-11 x 19" HEX BOLT 156403 [DL1010223101] ASTM F1554-36 HDG }
3 102 3/4"-10 x 8" HEX BOLT 156404 [JK1110044101 ASTM A36 HDG :
6 513 7/8"-9 x 14" HEX BOLT 156405 11907740 ASTM F1554-55 HDG
7 208 7/8"-9 x 16" HEX BOLT 156406 11907740 ASTM F1554-55 HDG
8 48 1"-8 x 24" HEX BOLT 156407 109218 ASTM F1554-55 HDG
9 102 3/4"-10 x 16" HEX BOLT 143841 |DL0910629104 ASTM A36 HDG
Birmingham Fastener Manufacturing. hereby certifies that the material
Sfurnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.
Signed: / Y : /(,—/A"-——/ Date:  03/21/2011

Brian H uHes

Figure B-62. 5/8 in. D'iameter x 10 in. (M16x254 mm) Long Hex Head Bolt and Nut, Part c8,
Test Nos.WIDA-1 and WIDA-2
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Certificate of Compliance
Birmingham Fastener Manufacturing
PO Box 10323
Birmingham, AL 35202 , i
(205) 585-3512 1

Customer MIDWEST MACHINERY Date Shipped 03/21/2011

Customer Order Number 2430 BFM Order Number 100325-00

Item Description

Description 5/8"-11 x 10" HEX BOLT Qty 100
Lot # 154572 Specification ASTM A307-07b GrA  Finish F2329
Raw Material Analysis
Heat# 780337
Chemical Composition (wt% Heat Analysis) By Material Supplier
Cc Mn P S Si Cu Ni Cr Mo
0.16 0.54 0.009 0.04 0.18 0.36 0.09 0.13 0.020
Mechanical Properties
Sample# Hardness Tensile Strength (Ibs) Tensile Strength (psi)
1 80 HRB 16,700 £
2 80 HRB 16,600 73,400
i 3
g -
5

This information represents the most recent analysis of the praduct supplied on the stated
customer order. The samples tested conform to the ASTM standard listed above.
All steel melted and manufactured in the U.S.A.

w4
Signature: N, ( ey Date: 3/21/2011

Brian Hughes—
Quality Assurance

Figure B-63. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Hex Head Bolt and Nut, Part c8,
Test Nos.WIDA-1 and WIDA-2
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x, o

NUuUEQR Mill Certification M%%s@ b
3 : 1 0 843 1 i
| NUCOR CORPORATION 1267201 Fax: (843) 3058781
" NUCOR STEEL SOUTH CAROLINA
Soid To. BIRMINGHAM FASTENER & SUPPLY Ship Tor E‘I!RMING'WAM FASTENER & SUPPLY }
PO
E , AL 35202-0323 PO BOX
:2?)‘6“":‘:"::1-0;‘- NGHAM AL 35202-0000
3 ,, ‘
N REINE ‘nx | 202) 561.0244 i
— |
| ] 100312.4 |
¥ 300005634803800 !
8 780337 i
1 >
| - | DLD810033701
i 8 C1-522429 !
| | C1-210508
i ol 4§ y :
{ | hevudy cartily that the material described berein has Desn " e ) vtandacde keted above and that § taseles Noss requirwmens. |
c - Mo P s St Cu Ni Ce Mo v Cb

0.16% 0.54% 0.009% 0.04% 0.18% 0.36% 0.08% 0.13% 0.020% 0.004% 0.003%

i s

r Yield 1° 50000psi (345MPa) Tensie 1: 69000ps! {476MPa) Elongation: 25% in 8°(% in 203.3mm)
: : Yiedd 2: 51000psi (352MPa) Tanside 2: 66000psi (476MPa) Elongation 27% in 8%(% in 203.3mm)
i

% ; aELDIN WA‘?‘NOT PERFORMED ON THIS MATERIAL

t 3 RADlUM SM TERIALS IN ANY FORM HAVE NOT BEEN USED IN THE PRODUCTION OF THIS MATERIAL

i

i

§

!

i

f

|

:‘

|

el 0 M . . & A A . T DA o T

i W Lo ‘
L }
James H. Blew i
NOMO 10 My 12 2000 Crvisslon Metafiurgist Pagel at 3

Y:

Figure B-64. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Hex Head Bolt and Nut, Part c8,
Test Nos.WIDA-1 and WIDA-2
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From. 2055914656 Page 8/10 Date: 3/22/2011 9:52:39 AM %X//
Y

BIRMINGHAM | ATLANTA | JACKSONVILLE | HOUSTON

-y “m

Ii : 5 o 53:‘-9:- - g
Metalplate Galvanizing, L.P. :

MARCH 22, 2011

Birmingham Fastener B
P.0. Box 10323 ¢
Birmingham, Alabama 35202

Purchase Order # M58420 Low 154572

We certify that the materfal on your above order was galvanized with 2-1/2 oz. of zinc per square foot of surface areas
i accordance with specifications set forth in ASTM Standard Specification Desigaation F2329.

METALPLATE GALVANIZING, L.P,

Gilbert O, Fredrick, Plant Manager

I certify the above to be correct.

nda D.Newton, Notary Public
honda, © .Nuadton

Corporate Office Plant 1 Plant 2 Atianta Plant Jacksonville Plant  Houston West  Houston East
P.0, Box 066 767 4dih Street Nonh 1120 3610 Siest Notn 505 Seig Dave, SW. 7123 Monorief Road, West 10625 Neadham Skaet 10835 Neeaham Sueet b
1120 39th Street Norh gham, AL 35212 AL 35234 Alants, GA 30336 Jacksonwile, FL 32210 Houston, TX 77013 Hauston, TX 77013
i AL 3520%  Phane (205) S05-1108  Phone (205) 536-7103  Phane (404) 081-0300  Phane (904} 768-6530 Fhone (713) 671-2454  Phoné {713) 672-9480
Prone (205) 5054700  Fax (205) £91-4659 Fax (205) 585-2855 Fax (404) 899.2270 Fax (904) 764-3848 Fax (713) 671-2057 Fax (713) 672-9892

Fax {205) £35-7800

This fax was received by GF| FAXmaker fax server. For more information, visit http://www,gfi.com

Figure B-65. 5/8 in. Diameter x 10 in. (M16x254 mm) Long Hex Head Bolt and Nut, Paﬁ c8,
Test Nos.WIDA-1 and WIDA-2
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TRINITY HIGHWAY PRODUCTS, LLC.
425 E. O’CONNOR AVENUE
LIMA, OHIO 45801
419-227-1296

MATERIAL CERTIFICATION

CUSTOMER: STOCK 'DATE: SEPTEMBER 29, 2009

October 28, 2013
MwRSF Report No. TRP-03-279-13

N
Ny

INVOICE#:
LOT #: 090123B

e -

PART NUMBER: 3380G QUANTITY: 119,201
DESCRIPTION: |
| 5/8” X 1% HH BOLT |

DATE SHIPPED:
T

[SPECIFICATIONS:
| HEAT #: 7367052, 7366484,7368369

MATERIAL CHEMISTY

l ] Fei T -

C | MN PlS SI|‘CU | NI | CR MoleivTN CB‘SN B | TI | NB
| ! | !
‘.15 .49 [.008 | .002 | .06 [ 203 [ .02 ] .05 .01 |.029 ’ .ooz].oos .001 | .001 | .000 | .000 | .000
13| .38 |.007 | 002 | .10 [ .03 | .04 | .06 | .02 |.037 | .002 | .004 |.001 | .001 |.000 ' .000 | .000
.14 | .43 | .006 | .008 |.06 | .04 | .02 | .06 | .02 | .034 | .002 | .005 | .001 | .001 |.000 | .000 ' .000

PLATING AND/OR PROTECTIVE COATING

[ HOT DIP GALVANIZING (OZ PER SQ. FT.) | 274 AVG.

I

****THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA***

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.S.A.

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE
CONTAINED HEREIN IS CORRECT.

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE ME
THIS 29™ #AY SEPTEMBER, 2009

__ NOTARY PUBLIC

—~

425 E. O'CONNOR AVENUE LIMA, OHIO 45801

INFORMATION

419-227-1296

Figure B-66. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,

Test Nos.WIDA-1 and WIDA-2
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Trinity Metals Laboratory

A DIVISION OF TRINITY INDUSTRIES

4001 IRVING BLVD. 75247 - P.O. BOX 568887
DALLAS, TX 75356-8887

Phone: 214.588.7591 FAX: 214.589.7594

October 28, 2013
MwRSF Report No. TRP-03-279-13

NVIAD

NVLAP LAB CODE 200654-0

Lab No: 9010250F

Received Date:-01/27/2009 Completion Date: 01/29/2009

SUE HENLINE Heat Code:.. Weld Spec:
TRINITY HWY PRODUCTS, LLC #55 Heat Number: 7367052, 7366484, and 736838%rial Type: A 307 A
ROLLFORM PO or Work Order: Lot#: 0901238 Material Size: 5/8" x 1-1/2" HHB
LIMA, OH 45801 Test Spec: F606 ASTM METHODS
Other Information: . SO#: 55-46502
OTHER TEST: i

Type: HARDNESS ROCKWELL BW

A) 90-91-90-89
B) 88-90-91-91
C) 89-91-91-91
D) 89-89-91-91

E) 91-91-90-88

Type: HEAD MARKINGS
TRN 307A USA

Quantity amount: 20

Quantity amount: 0

We cen.l}‘y the above results to be a true and accurate representation of the sample(s) submitted. Alteration or partial reproduction of this
report will void certification. NVLAP Certificate of Accreditation effective through 12-31-09.This report may not be used to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the federal government.

Ve ot

Lab Diraclor, Michael S. Beaton, PE

Page 1of 1

Figure B-67. 5/8 in. Diameter x 1 % in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,

Test Nos.WIDA-1 and WIDA-2
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@97/18/2@828 11:19 338-678-3138 REPUBLIC ENGINEER PAGE  83/84

Arto Calisa S~k

ge .
Ubllc' 1807 EAST 28TH  SY. LORAIN, OB 4401
o PHONE: - 330-838-5694 £AX: 330-338~564

INCINEFRED NRODUICTS

CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS July 9, 2008
PAGE 1

OF 2 g
PURCHASE ORD: 127535M t PURCHASE ORDER DATE: 4/14/2008
PART NUMBER: 100841B o . ACCOUNT NUMEER: 5550-3007-01
ORDER NUMBER: 1379747 - 01 -+ “SCHEDULE: 4116-85
HEAT: 7366484 s § REVISION: 1
===== CHARGE ADDRESS == - s==am=s SHIP TO ==m=

TRINITY INDUSTRIES INC . ..., 'TRINITY INDUSTRIES INC

HIGHWAY SAGETY FRODUCTS INC .1,C/0 BCS. METALS PRER

P O BOX 568887 ATH FLOOR < 7 .i5800:9TERLING AVE

DALLAS, TX 75356-8887 - A MAPLE HT6, OR 44137

------------------------- -~nwees~a----~ MATERIAL DESCRIPT"‘ON -
KOT ROLLED STEEL COILS CARBON AJSI-1015 AX AL KILLED FINE GRA.IN COLD NORKING QUALITY TEST RP)‘ORTS OF
MECHANICAL PROPERTIES FOR INFO ONLY EXTRA TESTING
SIZE: RDS .63950 DIAM X COIL >

RDS 16.2306MM DIAM X COIL R ¥
----- Aeesmsma-coceec-~c-ummssce-~a~e==-~ LADLE CHEMISTRY ¥ w==a=s

c My P s sI

0.13 6.38 ;R0.007 0.002 £ 0.1.0:

v MO .. 8N AL QB

6.002 0.02 0.001 0,037 10,001 0.0040

-------- m e memmmsemme-aacooooo---—- CALCULATED *ss'rs e e e ceeiicancao e

REDUCTION RATIO 112.3 TO 1

AUSTENITIC GRAIN SIZE 5 OR FINER BASED ON A TOTAL ALUMINUM CONTENT EQUAL TO OR GREATER THAN .020% PER

ASTM A25
- ~~--- §EMI - FINISHED RESULTS ~---~-==-=--=~ L L T 1
~as-ae FINISHED SIZE RESULTS -~mwwossccccocon- mmemes
TENSILE TBST STANDARD FORMAT
TENSILE YIELD(D.2%) RA E
PST PSI L) %
PCE 10427 59700 422000 72.4 43.0

HARDNESS TEST ASTM E10/ASTM A370 HBW  AS-RLD/CD HBW
MID-RADIUS ;
1

PCE 10428

NOTES - =-=mmmsmoom oo ammmmas oo mnaas e
CHEMICAL ANALYSIS CONFORMS 7O RPPLICABLE SPECS: ASTM E415, LEL10128, LBL10130, ASTM E1015,
LBL10158, LEL10114, AND ASTM E1085, LBL10184, LBL101E8.

REPUBLIC ENGINEERED PRODUCTS HEREBY CERTIFY THAT THE MATERIAL LISTED HEREIN HAS BEEN INSPECTED AND
TESTED IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE GOVERNING SPECIFICATIONS AND BASED UPON THE
RESULTS OF SUCH INSPECTION AND TESTING HAS BEEN APPROVED FOR CONFORMANCE TO THR SPECIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCSD EXCEPT IN FULL.

ALL TSSTING AS BEEN PERFORMED USING THE CURRENT REVISION OF THE TESTING SPRCIFICATIONS.

RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR, E\TI’RIES ON THIS DOCUMENT MAY BE PUNISHED
AS A PELONY UNDER PED STATUES TITLE 18 CHAPTER 47.

THE MATERIAL WAS NOT EXPOSED TC MERCURY OR ANY METAL M‘.JO‘{ ‘THAT TS LIOUID AT AMBIENT TEMPRRATURE
DURING PROCESSING OR WHILE JN OUR POSSESSION.

NO WELD OR WELD REPAIR WAS PERFORH'ZD ON THIS MATERL’\L

R. A, SZELIGA i BY JANET K. HARI‘LINB
MANAGER -TECH. - SERVICES i

21 A

Figure B-68. 5/8 in. Diameter x 1 % in. (M16x3é mrh) Long Hex Head Bolt and Nut, Part c9,
Test Nos.WIDA-1 and WIDA-2
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o
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ie:) Re Ubh 1807 BAST - 287K ST. LORATR, 0 440!
PHORNE: 330-438-5694 FAX: 330-438-569

ENCISERRED PRODUCTS

CERTIFICATE OF TESTS REPUBLIC ENGINEERBD PRODUCTS July 9, 2008

: PAGE 2
OF2
BURCHASE ORD: 127S95M e | PURCHASE ORDER DATE: 4/14/2008
PART NUMBER: 1009418 7., ACCOUNT NUMBER: $550+3007-01
ORDER NUMBER: 1379747 - 01 . SCREDULE: 4116-85
HEAT: 7166484 REVISION: 1
---------------------------------------- NOTES (CONTINUED) === memmeon oo o m e e e aca e

THE RESULTS REPORTED RELATE ONLY TO THE ITEMS TRSTED

MELTED AND MANUFACTURED IN THE U.S.A.

---------------------------------------- SOURCE INFORMATION -----mm@ememeec e e mmmccescmm e m -~ mm——
MELT SOURCE: LORAIN BILLET  MELT COUNTRY: U.S,A  HOT ROLL SOURCE: LORAIN /10, U.S.A

MELT METEOD: BOF BILLET RED. RATIO: 112.3

--------------- END OF DATA =sase==-m==c-=snsmsan CC =~=--avemenmason-a= END OF DATA ---nemeaesoneo—-n

FILE 1 copy

R. A. SZELIGA BY JANET K. HRRTLINE
MANAGER TECH. SERVICES i

N

Figure B-69. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,
Test Nos.WIDA-1 and WIDA-2
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PURCHASE ORD: 127595M
PART NUMBER: 1009418
ORDER NUMBER: 13179747 - 01
HEAT: 7367052

1807 EAST 2BTH ST. LORAIN, OH 44055
) PHORE: 330-43B-5694 FAX: 330-43B-5695
REPUBLIC ENGINEERED PRODUCTS September 12, 2008
PAGE 1
o o ) ;URCRASH ORDER DATE: 4/14/2008
ACCOUNT NUMBER: 5550-3007-01
SCHEDULE : 7327-85
REVISTON: 1

===== CHARGE ADDRESS i

TRINITY INDUSTRIES INC
HIGHWAY SAGETY PRODUCTS INC
P O BOX 568887 4TH FLOOR

=zess=23sass=zsacawnsszs==x SHIP T0 =

SEzazzssems=zazsa

TRINITY INDUSTRIES INC
C/0 BCS METALS PREP
5806 STERLING AVE

DALLAS, TX 75356-8887 : MAPLE HBIGHTS, OH 44137

HOT ROLLED STEEL COILS CARBO
MECHANICAL PROPERTIES FOR INFO. ONLY EXTRA TESTING
SIZE: RDS .6390 DIAM X COIL, '}

RDS 16.2306MM DIRM X COIL
-------------------------------- ‘-“----~- LADLE CHEMISTRY %

=2 MATERIAL DESCRIPTION *-

c Pt 8. sI
0.15 0.49 0.002 0.06
v MO ‘AL cB
0.002 0.01 0.029 0.001

REDUCTION RATIO 112.3 TO 1

CALCULATED TESTS --

AUSTENITIC GRAIN SI2E S OR FINER I\I\SED ON A TOTAL ALUMINUM COWENT EQUAL- TO or GREATER THAN .020% PER

ASTM A29.

SEM]; - FINISHED RESULTS'
i INISHED SIZE RESULTS. -

TENSILE TEST STANDARD FORMAT [ .
TENSILE YIELD (0. RA E

PSI b ! . %

PCE 14133 60850 45000757 Li64.4 44,0

HARDNESS TEST ASTM ElO/AS’l'M mo RBW AS-RLD/CD HBH ' ; ‘
MID-RADIUS .

PCE 14134 116

“CHEMICAL ANALYSIS CONFORMS TO APPLICABLE SPECS: ASTM E415, "LBL10129, LBLAMJO
LBL101S8, LBL10114, AND ASTM 21085, LELlOlB-‘I LBL10188. : K]

REPUBLIC ENGINEERED PRODUCTS HGREBY CERTI!‘Y THAT THE MATERIAL LISTED PEREIN
TESTED IN ACCORDANCE WITH THE.METHODS ERESCRIBED IN THE GOVERNING SPECIFICATIONS
RESULTS OF SUCH INSPECTION AND, TBSTING HAS BEEN APPROVED

3
;
£ CERTIFICATE OF TESTS SHALL NOT BE REPRODUCED EXCEPT IN FU'L f' ?
: S ® &

ALL TESTING HAS BEEN PERFORMED USING THE CURRENT REVISION OF THE TESTING SPECIFICATIONS.

E1019,

\ISI-1015 AK AL KILLED FINE GRAI)vi COLD : WORKING ;QUALITY ‘TEST REPORTS OF

S7AND BASED UPON THE
CONFORMANCE |TQ ;THE “SPECLEICATIONS .

RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHED

AS A FELONY UNDER PED STATUES TITLE 18 CHAFTER 47.

THE MATFRIAL WAS NOT EXPOSED TO MERCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBLENT TEMPERATURE

DURING PROCESSING OR WHILE IN OUR POSSESSION.

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.

R. A. SZELIGA
MANAGER TECH. SERVICES

8. ol

BY JANET K. HARTLINE

Figure B-70. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,

Test Nos.WIDA-1 and WIDA-2
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&a Re ‘ lI )]1( 1807 BAST 2BTH ST. LORAIN, OW 44055
: UL/ PHONE: 330-438-5694 FRY: 330-438-5695

CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS September 12, 2008
PAGE2

OF2

PURCHASE ORD: 127595M PURCHASE ORDER DATE: 4/14/2008

PART NUMBER: 100941B ACCOUNT NUMBER: 5550-3007-01

ORDER NUMBER: 1379747 - 01 SCHEDULE : 7327-85

HEAT: 7367052 REVISION: 1

<o oeiceceioiooio o NOTES (CONTINUED) ~==m=-=-==s===-mmmmommmcimesoosooooe -
THE RESULTS REPORTED RELATE ONLY TO THE [TEMS TESTED

MELTED AND MANUFACTURED IN THE U.S.A.

R i T i T s e SOURCE INFORMATION -=---s - -sommmme oo oemmooie o
MELT SOURCE: LORAIN'BILLET  MELT COUNTRY: U.S.A  HOT ROLL SOURCE: LORAIN 9/10, U.S.A

MELT METHQD: EOF‘_EILLET v RED.¢RATIO: 112.3 :

--------------- END OF/'DATA --
FILE 1:copy:,

END OF DATA --=----me-sm-non

R. A. SZELIGA BY JANET K. HARTLINE
MANAGER TECH. SERVICES

78 el

Figure B-71. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,
Test Nos.WIDA-1 and WIDA-2
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&
.‘%‘i l{e Ub]l 1807 EAST 2BTH ST. LORAIN, OH 44055
- PHONE: 330-43B-5694 FAX: 330-438-5695
TR F I N ERTLRS R W g

b3 Ml T
CERTIFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS October 31, 2008
PAGE 1
OF 2
seasxmzaze==can ansmuna = . smsam=as e a==
PURCHASE ORD: 129120M PURCHASE ORDER DATE: 8/27/2008 *
PART NUMBER: 100941B ACCOUNT NUMBER: 5550-3007-01
ORDER NUMBER: 1396203 - 01 SCHEDULE : 9510-85
HEAT : 7368369 REVISION: 1
====2 CHARGE ADDRESS =»==z=zzzczuzzmzassssmszss=sszs= SHIP 10
TRINITY INDUSTRIES INC TRINITY INDUSTRIES INC
HIGHWAY SAGETY PRODUCTS INC C/0 BCS METALS PREP
P O BOX 568387 4TH FLOOR 5800 STERLING AVE
DALLAS, TX 75356-8887 MAPLE HEIGHTS, OH 44137

--------------------------------------- MATERTAL DESCRIPTION == ====v<m=m=mmmsmmommemeommcmem e
HOT ROLLED STEEL COILS CARBON AISI-1015 AK AL KIGLED FINE GRAIN COLD WORKING QUALITY TEST REPORTS OF
MECHANICAL PROPERTIES FOR INFO ONLY EXTRA TESTING
SIZE: RDS .6390 DIAM X COIL

RDS 16.2306MM DIAM X COIL
--------------------------- semem-<sn-e-- LADLE CHEMISTRY ¥ ==--==-==-se=svamocmamamooeomacocaneoe

e . N > S s s1 cu NI CR
0.14 ., 0.43 0.006 -, 0.008 0.06 0.04 0.02 0.06
v MO SN !, AL CB

0.002 0.02 0.001: iv.  0.034 0.001
: : ~- CALCULATED TESTS "---

REDUCTION RATIO 112.3 TO 1

AUSTENITIC GRAIN SIZE S OR FINER BASED ON A TOTAL ALUMINUM CONTENT EQUAL TO OR GREATER THAN .020% PER
ASTM A29. Sy L §

- SEMI - FINISHED RESULTS == ==-n=sn-=ccmromommaseomeoammmuaans
-------------------------------- - PINISHED BIZE RESULTS fn-----iicmccmemcssadomsaainmommoasoan

TENSILE TEST STANDARD FORMAT : b
TENSILE YIELD(0.2%) RA

E
PSI EsL { % ¥
°CE 15910 58600 43200 63.9  47.0
HARDNESS TEST /| ASTM ELO/ASTM A370 HBW AS-RLD/CD HBW.
AR MID-RADIUS ;
PCE 15911 111
WO -- NOTES - =

iy  CHEMICAL ANALYSIS CONFORMS TO APPLT LE SPECS: ASTM EA1S

Y LBL10129, LBL10130, ASTM E1019,
LBL10158, LBL101147 AND ASTM E1085, LBL10184, LBL10188. 3

. sy ] PR
REPUBLIC ENGINEERED PRODUCTS HEREBY CERTIFY THAT THE MATERIAL LISTED HEREIN HAS BEEN INSPECTED AND
TESTED IN ACCORDANCE WITH THE METHODS PRESCRTBED IN THE GOVERNING SPECIFICATIONS AND BASED UPON THE
RESULTS OF SUCH INSPECTION AND TESTING HAS BEEN APPROVED FOR CCNFORMANCE TO THE SPECIFICATIONS.
CERTIFICATE OF TESTS SHALL NOT BE REPRODUCED EXCEPT IN FULL.
ALL TESTING HAS BEEN PERFORMED USING THE CURRENT REVISION OF THE TESTING SPECIFICATIONS.

RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHED
AS A FELONY UNDER FED STATUES TITLE 18 CHAPTER 47. E:

THE MATERIAL WAS NOT EXPOSED TO MERCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT TEMPERATURE
DURING PRQCESSING OR WHILE IN OUR POSSESSION.

NO WELD OR WELD REPAIR- WAS PERFORMED ON THIS MATERIAL.

R. A. SZELIGA - 3Y JANET K. HARTLINE
MANAGER TECH., SERVICES

/ﬁi.%

Figure B-72. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,
Test Nos.WIDA-1 and WIDA-2
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LORARIN, OH 44055
FAX: 330-43B-5695

October 31, 2008
PAGE 2

FommSEmEs S Emmms S SS s s EsaNE IS EEASEESSENSSEEESSEESESESESNASEIATEESSESEEEISCANSEISEExSSceEssseessss
PURCHASE ORDER DATE:
ACCOUNT NUMBER:
SCHEDULE:

REVISION:

PURCHASE ORD: 129120M
PART NUMBER: 100941B
CRDER NUMBER: 1196203 - Ol
KEAT: 73683695

NOTES (CONTINUED)

THE RESULTS REPORTED RELATE ONLY TO THE ITEMS TESTED

MELTED AND MANUFACTURED IN THE U.8.A.
MELT SOURCE: LORAIN BILLET  MELT COUNTRY: U.S.A  HQT ROLL SQURCE: LORAIN 9/10,
RED. RATIO: 112.3
--------------- END OF DATA =-===<--=-=

MELT METHOD: BOF BILLET

FILE 1 COPY

R. A, SZELIGA
MANAGZR TECH. SERVICES

PR el

SOURCE INFORMATION

8/27/2008
5§550-3007-01
9510-85

BY JANET K. HARTLINE

U.s.a

Figure B-73. 5/8 in. Diameter x 1 %2 in. (M16x38 mm) Long Hex Head Bolt and Nut, Part c9,

Test Nos.WIDA-1 and WIDA-2
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AR [N

o 87302
PFC LOT NO

9
K) 10011913

N

MFG Lot No.: 1NY030101
BOX SEALED TO SECURE INTEGRITY
7/8—9

FINISHED HEX NUTS COARSE

Figure B-74. 7/8 in. Diameter x 7 %2 in. (M16x191 mm) Long Hex Head Bolt and Nut, Part c10,
Test Nos.WIDA-1 and WIDA-2
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170718 2

NBPX033 =31
3 m m 'QECURE INTEGRITY

. comsgwnem
g ..,.. ﬁ‘ﬂ SCREWS

Figure B-75. 7/8 in. Diameter X 7 %2 in. (M16x191 mm) Long Hex Head Bolt and Nut, Part c10,
Test Nos.WIDA-1 and WIDA-2
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(1) 1JY88

Pk-10

H#8280072 PCS./P2S.10 e e
Made in/Hecho en China i @
Flat Washers SAE

LOT#HO1 788740
', Arandelas Planas SAE

(L

k Iallazqex
334 M22.2

e ——— -

Figure B-76. 7/8" [22 mm] Dia. Flat Washer, Part c11, Test Nos.WIDA-1 and WIDA-2

!
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Appendix C. Bogie Test Results
The results of the recorded data from each accelerometer for every dynamic bogie test are
provided in the summary sheets found in this appendix. Summary sheets include acceleration,
velocity, deflection versus time plots, force versus deflection plots, and energy versus deflection
plots. For those bogie tests for which load cells were used, the corresponding measured data are

provided as well.
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary
Test Information Dynamic Test vs. Post in Rigid Sleeve Test Results Summary
Test Number: BCTRS-1 Max. Detlection: 252 m.
Test Date: 16-Aug-2011 Peak Force: 91 k
Failure Type: Post Fracture Initial Linear Stiffness: 5.0 kf/in.
Total Energy: 594 k-in.
|Post Properties
Post Type: ‘Wood BCT
Post Size: 5.5"x 7.5" (BCT) 140 mm x 191 mm
Post Length: 45.625 in. 115.9 cm
Embedment Depth: 13.625 in._ 34.6cm
Orientation: Weak Axis . Bogie Acceleration vs. Time
ISoil Properties
Gradation: Rigid Sleeve 5 ,/\
Moisture Content: NA - \
Compaction Method:  Installed with wood shims -34
Soil Density, yd: NA 53 n \
Bogie Properties g 2 ’ \ ’ \
Tmpact Velocity : 1357 mph (22.81ps)  6.96m/s 3 ’ \ [ /\ /
Impact Height: 25 in. 63.5cm g 1 \/ e
Bogie Mass: 1589.5 lbs 721kg V \ ,\/ \/-
. .. \
v
|Data Acquired
Acceleration Data: EDR-3 -1
Camera Data: AOS-5 Perpendicular -155" 0 0.02 0.04 0.0 0.08 0.1 0.12
Time?s)
o Force vs. Deflection At Impact Location 37 Bogie Velocity vs. Time
s //\\ 25
6 20 —_
— S~
S 4 £15
VA AL\ 8
o
2 > 10
V \I\ /\/ . M\~
0 v v’ 5
9 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
- Energy vs. Deflection At Impact Location 20 Deflection at Impact Location vs. Time
60 25
50 Z e
z / g20
2 40 = /
= ]
- / =15 o~
530 / 3 /
ot B
L 20 P alo0
il p——y
/!
10 5
0 0
0 5 10 15 20 25 30 ] 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure C-1. Test No. BCTRS-1 Results (EDR-3)
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Bogie Test Summary
Test Information Dynamic Test vs. Post in Rigid Sleeve Test Results Summary
Test Number: BCTRS-1 Max. Detlection: 249 m.
Test Date: 16-Aug-2011 Peak Force: 88 k
Failure Type: Post Fracture Initial Linear Stiffness: 6.2 kfin.
Total Energy: 59.9 k-in.
|Post Properties
Post Type: ‘Wood BCT
Post Size: 5.5"x 7.5" (BCT) 140 mm x 191 mm
Post Length: 45.625 in. 115.9 cm
Embedment Depth: 13.625 in. 34.6cm
Orientation: Weak Axis 5 Bogie Acceleration vs. Time
|Soil Properties { "\
Gradation: Rigid Sleeve 5
Moisture Content: NA - \
Compaction Method:  Installed with wood shims -34
Soil Density, yd: NA c \
83
=
Bogie Properties g 2 I \
Impact Velocity: 15.57 mph (22.8 1ps) 6.96 m/s ° \ I\ / \
Impact Height: 25 in. 63.5cm &‘3 1 \S/
Bogie Mass: 1589.5 Ibs 721kg \ '\/
0 AW N, \
Ww
|Data Acquired
Acceleration Data: DTS -1
Camera Data: AOS-5 Perpendicular - 155" 0 0.02 0.04 0.0 0.08 0.1 0.12
Timefts)
T Force vs. Deflection At Impact Location 55 Bogie Velocity vs. Time
8 { ‘\ 25
6 220 e
z \ £
3 4 £15
2 A)o :
@
2 \ \W \“I =10
0 w’\"‘\ 5
2 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
20 Energy vs. Defl Atimg L 20 Deflection at Impact Location vs. Time
60 — 5
5 7 N
= F 220
Z 40 =
= S
; / 3
. 1 210
—
10 / 5
0 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure C-2. Test No. BCTRS-1 Results (DTS)
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Bogie Test Summary
Test Information Dynamic Test vs. Post in Rigid Sleeve Test Results Summary
Test Number: BCTRS-2 Max. Detlection: 234 1.
Test Date: 16-Aug-2011 Peak Force: 113 k
Failure Type: Post Fracture Initial Linear Stiffness: 5.7 kfin.
Total Energy: 59.4 k-in.
|Post Properties
Post Type: ‘Wood BCT
Post Size: 5.5"x 7.5" (BCT) 140 mm x 191 mm
Post Length: 45.125 in. 114.6 cm
Embedment Depth: 13.125 in. 33.3cm
Orientation: Weak Axis 5 Bogie Acceleration vs. Time
|Soil Properties 7 o~
Gradation: Rigid Sleeve r\
Moisture Content: NA =0
Compaction Method:  Installed with wood shims w5 \
Soil Density, yd: NA 5, \
Bogie Properties g 3 A Pl nv’ \
Impact Velocity: 15.28 mph (22.4 1ps) 6.83m/s ° ’ "\ / \ I \
Impact Height: 25 in. 63.5cm &‘3 2 ’ V ’ \,\
Bogie Mass: 1589.5 lbs 721kg 1
|Data Acquired v b
Acceleration Data: EDR-3 -1
Camera Data: AOS-5 Perpendicular -155" 0 0.02 0.04 0.0 0.08 0.1 0.12
Timefts)
i Force vs. Deflection At Impact Location 55 Bogie Velocity vs. Time
10 \ 25
8 [ —
\ 320
E 6 A £
3 I\l \ £15
@ —
‘5 4 /\ g
o ‘ ]
) =10
g N
r~/\ / \/\‘ 5
’ vV T
-2 0
0 5 10 15 20 25 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
20 Energy vs. Defl Atimg L - Deflection at Impact Location vs. Time
60 /
/ 20
50 .
5 / £
< 40 T
= S
&3 H
) 210
S ®
w
20 =
5
10
0 0
0 5 10 15 20 25 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure C-3. Test

No. BCTRS-2 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary
Test Information Dynamic Test vs. Post in Rigid Sleeve Test Results Summary
Test Number: BCTRS-2 Max. Detlection: 23.0 .
Test Date: 16-Aug-2011 Peak Force: 108 k
Failure Type: Post Fracture Initial Linear Stiffness: 6.8 kfin.
Total Energy: 62.6 k-in.
|Post Properties
Post Type: ‘Wood BCT
Post Size: 5.5"x 7.5" (BCT) 140 mm x 191 mm
Post Length: 45.125 in. 114.6 cm
Embedment Depth: 13.125 in. 33.3cm
Orientation: Weak Axis 5 Bogie Acceleration vs. Time
|Soil Properties 7
Gradation: Rigid Sleeve m
Moisture Content: NA =0
Compaction Method:  Installed with wood shims w5 \
Soil Density, yd: NA 5, n A ‘
Bogie Properties g 3 ‘MI \ I ‘
Impact Velocity: 15.28 mph (22.4 1ps) 6.83m/s ° v lv \
Impact Height: 25 in. 63.5cm &‘3 2 I \
Bogie Mass: 1589.5 lbs 721kg 1
0 VA V0%, 9 l \m
|Data Acquired V i
Acceleration Data: DTS -1
Camera Data: AOS-5 Perpendicular - 155" 0 0.02 0.04 0.0 0.08 0.1 0.12
Timefts)
i Force vs. Deflection At Impact Location 55 Bogie Velocity vs. Time
™M
10 \ 25
8 \
A A [\ 3 =
£ £
s, U\ ViR z1s
| P R $
Q
) \ =10
0 VA Pra \VI \ P 5
2 0
0 5 10 15 20 25 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
20 Energy vs. Deflection At Im L - Deflection at Impact Location vs. Time
60 —— /
/ 20 »
50 .
5 / £
= 40 =15
= S
&3 / g
E /...._____...__./ £10
20 =
/ 5
10
0 0
0 5 10 15 20 25 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure C-4. Test

No. BCTRS-2 Results (DTS)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie Jerk Test on anchorage cable

Test Results Summary

Test Number: MGSEA-1
Test Date: 11-May-2012
Failure Type: Movement in soil

Post Properties

Max. Deflection: 60.7 in.
Peak Force: 438 k
Initial Linear Stiffness: 0.8 Kfin.
Total Energy: 497.4 k-in.

Post Type: Anchorage - Steel Foundation Tube
Post Size: CRT 0|
Post Length: 72in. 182.9cm
Embedment Depth: 70in. 177.8cm
Orientation: longitudinal 10 Bogie Acceleration vs. Time
Soil Properties A A
Gradation: 40927 8
Moisture Content: 0.0328 _ I \ }
Compaction Method:  HE. -8 6
Soil Density, yd: NA p ,j \ /\l
(=]
= AN
Bogie Properties g4 VAY
Impact Velocity: 16.13 mph (23.7 fps) 7.21m/s ® A
Impact Height: 4in. 10.2cm & 2 ,J
Bogie Mass: 4753 Ibs 2155.9 kg LI‘\ W,
0 W YWVW
Data Acquired
Acceleration Data: EDR-3 -2
Camera Data: AQOS-7 Perpendicular - 260" 0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
a8 Force vs. Deflection At Impact Location 30 Bogie Velocity vs. Time
43 I‘ 25
38 I 20 \\
33 l ?15 N
=28 J ‘ _1-_-1 \
= =10
g 23 / z L
€18 é >
13 N\ >0
. N/ / 5
3 A~ v’—ﬁ/\/ \ / P ll\ N -10 \\
SV ~ Ao/ ] \-" \! —ee—
2 A Nan 7/ 15
0 10 20 30 40 50 60 70 0 0.1 0.2 0.3 0.4 0.5 0.6
Deflection (in.) Time (s)
€00 Energy vs. Deflection At Impact Location 70 Deflection at Impact Location vs. Time
500 7 60 / \
/ _50 / N
= 400 —_— - / \
< 75'40 N
%300 5 / \
g §30 / N
& 200 / 3 /
20
= /
100 / 10
Iy
0 0
0 20 40 60 80 0 0.1 0.2 0.3 0.4 0.5 0.6
Deflection (in.) Time (s)

Figure C-5. Test No. MGSEA-1 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie Jerk Test on anchorage cable

Test Results Summary

Test Number: MGSEA-1 Max. Deflection: 61.0 in.
Test Date: 11-May-2012 Peak Force: 434 k
Failure Type: movement in soil Initial Linear Stiffness: ~ NA k/in.
Total Energy: 496.7 k-in.
Post Properties
Post Type: Anchorage - Steel Foundation Tube
Post Size: CRT 0|
Post Length: 72in. 182.9cm
Embedment Depth: 70in. 177.8cm
Orientation: longitudinal 10 Bogie Acceleration vs. Time
Soil Properties A
Gradation: 40927 8 A
Moisture Content: 0.0328 _ I\ 1
Compaction Method: HE.-8 6
Soil Density, yd: NA - ‘, \ N
S A
Bogie Properties g4 v\
Impact Velocity: 16.13 mph (23.7 fps) 7.21m/s ® [
Impact Height: 4in. 10.2cm & 2 M
Bogie Mass: 4753 Ibs 2155.9 kg L\\ AN
0 WV e
Data Acquired
Acceleration Data: SLICE -2
Camera Data: AQOS-7 Perpendicular - 260" 0.2 0.4 0.6 0.8
Time (s)
. Force vs. Deflection At Impact Location 30 Bogie Velocity vs. Time
45 A 25
40 it 20 o~
35 15 \\
30 A cy \
= / |\ £10 \.
P 25 ,I | >
o = 5
520 3 \
w o 0
15 I\ ] \
>
10 A / 5 \
’ \ / M -
VAN /\'
0 S\ 15
5 : -20
0 10 20 30 40 50 60 70 02 04 06 08
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Figure C-6. Test No. MGSEA-1 Results (DTS-SLICE)
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Bogie Test Summary
Test Information Bogie Jerk Test Test Results Summary
Test Number: DSAP-T Max. Deflection: 310 .
Test Date: 23-Nov-2011 Peak Force: 205 k
Failure Type: Strap Failure on pull cable Initial Linear Stiffness: #DIV/O!  K/in.
Total Energy: 720.0 k-in.
|Post Properties
Post Type: Gaurdrail anchorage
Post Size: 0 0)
Post Length: in. 0 cm
Embedment Depth: in. 0 cm
Orientation: longitudinal Jerk Bogie Acceleration vs. Time
¥ %
|Soil Properties
Gradation: 40709 4
Moisture Content: 0 -
Compaction Method: ~ H.E. 8 03 P ]
Soil Density, yd: NA 5 / t/
Bogie Properties g % | |
Impact Velocity: 27.18 mph (39.9 1ps) 12.15 m/s °
Impact Height: 24.875 in. 63.2cm &‘3 1 / "
Bogie Mass: 5086 lbs 2307 k; A A e
& 0 Ny ¥
|Data Acquired
Acceleration Data: 0 -1
Camera Data: 0 0 0.05 0.1 0.1 0.2 0.25 03
Timeis)
5 Force vs. Deflection At Impact Location & Bogie Velocity vs. Time
50
20 N —
4//
7\ / \ 40
15 -
z [ T\ :
= £30
210 z
8 Fi ¥ 820
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5 >
MF -le"/ [ .\ i
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Figure C-8. Test No. DSAP-1 Results (DTS)
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October 28, 2013

MwRSF Report No. TRP-03-279-13

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

Bogie jerk test

Test Results Summary

Test Number: DSAP-2 Max. Deflection: 2525 in.
Test Date: 10-Jan-2012 Peak Force: 395 k
Failure Type: Post Failure Initial Linear Stiffness: 0.6 Kkiin.
Total Energy: 1166.9 k-in.
Post Properties
Post Type: D.S. Anchorage
Post Size: BCT (2) BCT (2)
Post Length: in. Ocm
Embedment Depth: in. O0cm
Orientation: Loaded longitudinally through w-beam Bogie Acceleration vs. Time
1
Soil Properties 0 " P L LN
Gradation: NA 1 ‘I\ ,/vv' VNS
Moisture Content: NA _ V \ v
Compaction Method: ~ NA w2 1
Soil Density, yd: NA =3 \
2
Bogie Properties g4
Impact Velocity: 21.52 mph (31.6 fps) 9.62 m/s gS v
Impact Height: 24.875in. 63.2cm &6
Bogie Mass: 4779.5 Ibs 2167.9 kg 7
Data Acquired 8
Acceleration Data: EDR-3 -9
Camera Data: Multiple 0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
43 Force vs. Deflection At Impact Location 60 Bogie Velocity vs. Time
38 50
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40 /
28 = ___/
_— S~
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g oy
S 18 §20
13 2
g 1 10
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Figure C-10. Test No. DSAP-2 Results (EDR-3)
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MwRSF Report No. TRP-03-279-13

Appendix D. Vehicle Center of Gravity Determination
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Test: WIDA-1 Vehicle: 2270P

Vehicle CG Determination
Weight VertCG  VertM

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5016] 28.30313| 141968.5
+ Brake receiversiwires 6 52 312
+ Brake Frame 6 26 156
+ Brake Cylinder (Nitrogen) 22 27.5 605
+ Strobe/Brake Battery 6 32 192
+ Hub 27 15 405
+ CG Plate (EDRs) 8 33.5 268
- Battery -42 41.5 -1743
- Ol -5 15.5 -77.5
- Interior -64 24 -1536
- Fuel -152 18 -2736
- Coolant -13 36 -468
- Washer fluid -2 40 -80
BALLAST Water 181 18 3258

DTS Rack 17 30 510

Misc. 0

141034
Estimated Total Weight (Ib) 5011
Vertical CG Location (in.)| 28.14488

wheel base (in.) 140.5

MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 £ 110 5002 20
Long CG (in.) 63 + 4 64.58 1.57607
Lat CG (in.) NA -0.63425 NA
Vert CG (in.) 28 28.14 0.14488

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (Ib) TEST INERTIAL WEIGHT (Ib)
(from scales)
Left Right Left Right

Front 1437| 1316 Front 1402] 1301
Rear 1144] 1119 Rear 1146] 58
FRONT 2753 Ib FRONT 2703 Ib

REAR 2263 Ib REAR 2299 Ib

TOTAL 5016 Ib TOTAL 5002 Ib

Figure D-1. Vehicle Mass Distribution, Test No. WIDA-1
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October 28, 2013
MwRSF Report No. TRP-03-279-13

Test: WIDA-2 Vehicle: 1100C
Vehicle CG Determination
Weight

VEHICLE Equipment (Ib)
+ Unbalasted Car (curb) 2491
+ Brake receiversiwires 6
+ Brake Frame 6
+ Brake Cylinder 22
+ Strobe Battery 6
+ Hub 20
+ CG Plate (EDRs) 8
+ DTS 17
- Battery -35
- Qil -5
- Interior -33
- Fuel -20
- Coolant -5
- Washer fluid -7
BALLAST Water

Spare tire -23

Misc.

Estimated Total Weight Ib
wheel base 98.625 in.
MASH targets Test Inertial Difference
Test Inertial Wt (Ib) 2420 (+/-)55 2449 29.0
Long CG (in.) 39 (+-)4 35.88 -3.11806
Lateral CG (in.) N/A -0.38572 NA

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

Dummy = 166Ibs.

CURB WEIGHT (Ib)

Front
Rear

FRONT
REAR
TOTAL

TEST INERTIAL WEIGHT (lb)
(from scales)
Left Right Left Right
822| 788 Front 787| 771
448| 433 Rear 454 437
1610 Ib FRONT 1558 Ib
881 Ib REAR 891 Ib
2491 Ib TOTAL 2449 Ib

Figure D-2. Vehicle Mass Distribution, Test No. WIDA-2
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Appendix E. System Details, Test No. WIDA-2
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Downstream
End

29 28 27 26 25 24 23 22 21 20 19
(o i i i i i i i i i

™ 0

17 16 15 14 13
i i i i i

Upstream
End

| 28 Spaces @ 75" [1905] = 175'—0" [53340] |

)

75"
[1905]
(Typ.)

Impact
1160¢ PLAN VIEW
r@l@l@i@‘@‘@
I N .

¥6€

VA
BCT Posts in 6’ [1829]

ELEVATION VIEW

Notes: (1) Impact location for the 1100C is the midspan of post nos. 27 and 28.
(2) The BCT anchor posts are placed in @3’ [914] holes.
(3) Critical region located between post nos. 21 and 29.

(4) A high—speed digital video camera shall be placed perpendicular to
downstream anchor.

‘ 813 ,
W6x8.5, 72" [W152x12.6, ! ] BCT Posts in 6’ [1829

Long (Galvanized) 1829] Long Posts with Long (Galvanized) Foundation
Foundation Tubes, Ground 6'x12°x14 y‘t Tubés, Ground Line Strut,
kineh Strut, and BCT Cable [152x305x362] Blockouts and BCT Cable Anchor
nchor

(5) Vehicle is expected to gate through.

(6) Avoid qctivating vehicle brakes in the first 100" [30480] downstream
of post no. 29.

(7) Allow for a minimum lateral clearance of 30’ [9144] behind the system

in the first 75" [22860] downstream of post no. 2
(8) Paint the downstream bearing plate and BCT cable two different colors.

(9) Put marks on foundation tube bolts.

EHEEr:
Wisconsin DOT Project fratall
MGS with Standar e
Downstream Anchorage 5/25/2012
System
[oRAWN - |
Midwest Roadside| >stem tovout
Sofety FOCIllty DWG. NAME. SCALE: 1:225 |[REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-1. Test Installation Layout, Test No. WIDA-2
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Ground
Line 35" 33"
[(813] [838]
9 69 (@
L (Ls.round/
DETAIL A ine
Post 23
ol
[991]
SECTION B—B
SCALE 1 : 12
[SHEET:
Wisconsin DOT Project ol
MGS with Standar AT
g%vtgit]reom Anchorage 5/25/2012
DETAIL C ) ) [GRAWN Y- |
SCALE 1 : 6 Midwest Roadside Post and Splice Details cwp
Sofety FOCIllty DWG. NAME. SCALE: 1:24  [REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-2. Post and Splice Details, Test No. WIDA-2
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32 /@ 32
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/“\H
1 }
\G.round Ground/ \_,/
Line Line
o
S
Pox) 70”
[1778]
Post 1 Post 2
. . SECTION D-D
Upstream End Section Detail
[SHEET:
Wisconsin DOT Project Mt
MGS with Standar e
Downstream Anchorage 5/25/2012
NOTE: Post bolt hole for each BCT post is raised 1 in. [25]. System ——
Midwest Roadside Upstream End Rail Details cwp
Sofety FOCIllty DWG. NAME. SCALE: 1:24  [REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-3. Upstream End Anchor Details, Test No. WIDA-2
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DETAIL E
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DETAIL G

DETAIL H

18

3

EE====1

Ground Line

b5

Ground Line

o SR

DETAIL F

| »
\\

[SHEET:
Wisconsin DOT Project [PHaRsS
MGS with Standar T
Downstream Anchorage 5/25/2012
System
IGRAWN BY: |
Midwest Roadside Anchor Details cwp
Sofety FOCIllty DWG. NAME. [SCALE: 1:6 REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-4.

Anchor Details, Test No. WIDA-2
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80"

[2032]
sg

[1270]

®3/4” [19] 6x19 IWRC IPS Cable

Part ¢5
15"
w ) [381] )
© 7 ; 5
o [178] ‘ [127]
2 A\
®1 1/4"
Standard S d
1"—8UNC [M24] Stud / Hehg [32]
Threaded Entire Length
DETAIL |
SCALE 1 : 4

190 kN] and may be substituted for the 6x19 IW

Note: (1 6x25 IWRC IPS meets the minimum breaking strength of 42.7 kips
9 a p
[ C IPS cables.

BCT Cable Anchor Assembly

[203]
.

“[102]

5/8”
— (161

@1 1/8”
— [29]

Anchor Bracket Bearing Plate

Part c4

Midwest Roadside

Wisconsin DOT Project
MGS with Standar
Downstream Anchorage

SHEET:
5 of 11

DATE:

Safety Facility

5/25/2012
System /28]
BCT Anchor Cable Assembly [ORAWN BY: |
CcwP
DWG. NAME. SCALE: 1:8 |REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]| KAL/RKF

Figure E-5. BCT Anchor Cable Details, Test No. WIDA-2
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89 1/2”
[2273]
45 3/4”
[1162] @
_______ i
c5
] Y
Ground Line—/
w
(o]
(o]
Post 28 Post 29
Downstream End Section Detail
[SHEET:
Wisconsin DOT Project e
MGS with Standar e
o ) Downstream Anchorage 5/25/2012
NOTE: Post bolt hole for each BCT post is raised 1 in. [25]. System
[ORAWN BY: |
Midwest Roadside Downstream End Rail Details cwP
Sofety FOCIllty DWG. NAME. SCALE: 1:24  [REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-6. Downstream End Anchor Details, Test No. WIDA-2
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(0[0)7

1" 3/4”
(25174 1e)
el _
1" 7 /8
[25] _—r(l [18/1]
f

[1829]

Line Post
Part a1

12" 6"
1 [305] [ [152]
i
L 7 1/8" ®3/4"
14 1/4" [181] //_[19]
[35132] T 7__‘
_‘ L1 3/4”
[44]
Blockout
Part a2
12" 6"
1o e
4
l 7 1/8" ®3/4"
14 1/4 [181 (19]
[362] =
1.3/4"
- [4‘{]
. ., Alternate Blockout Option —
6"x4"x14 1/4" [152x102x362] Blockout

with 6"x8"x14" 1/4

" [152x203x362] Blockout

6" 8” 6"
[152] ~[203]  [152]
i 4
= ®3/4
7 1/8 /—[19 7 1/8" 3/4”
[1e1] e 14 1/4” [181] /—¢[1é]
f [362] I
” 1.3/4”
= (34

6"x4"x14 1/4”
[152x102x362] "Blockout

"8

6”x8"x14 164"
[152x203x362] Blockout

Wisconsin DOT Project
MGS with Standar
Downstream Anchorage
System

Midwest Roadside
Safety Facility

Post Nos. 3—27 Details

[SHEET:
7 of 11

DATE:
5/25/2012

CWP

DRAWN BY:

DWG. NAME.
DS—Anchorage—32in_R3

SCALE: 1:20

REV. BY:

UNITS: in.[mm]|KAL/RKF

Figure E-7.

Line Post Details, Test No. WIDA-2
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0¥

2 3/4" 7 1/2"
‘ - [7(4] '1[191]"'
6 1/8"
[156]
N\ 03/4"
22 3/8” [19]
[568]
46"
@2 1/2" [1168]
[64] “E
x T Notes: (1)
17 1/2"
?7/8" 445
- [zé] S
5 1/2" 3 3/4”
[140] [95]
BCT MGS Timber Post @
Part c1
6" »
[152] ¢2[5"(’)€8

BCT Post Sleeve
P 7

art ¢
SCALE 1:4

3/16”
(5]
» 4"
» 102
[76]ﬂ 1 [102]
|1 [25]
¢3/4"_//> T
[19] 1
[432]
\ -
[ [25]
The BCT post shall be 72
manufactured from Southern [1829]
Yellow Pine, Grade No. 1 or
better and contain no wane,
knots, checks, or splits within
12 [305] above or below the
ground line (i.e., relative to top
of the steel foundation tube or
breakaway hole) as well as
within 3 76j above or below the
post bolt hole on both the tension
and compression sides.
The BCT post shall be thoroughly
inspected and determined to be
of the highest quality.
6" 8” L—
[152] Foundation Tube ' [203]
Part c2
[SHEET:
Wisconsin DOT Project Bt
MGS with Standar AT
gowtnstreom Anchorage 5/25/2012
ystem
DRAWN BY:
. v BCT Timber Post &
Midwest Roadside| Foundation Tube Details i
Sofety FOCIllty DWG. NAME. [SCALE: 1:16  |REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-8. BCT Timber Post and Foudation Details, Test No. WIDA-2
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—_— End Plate
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e PLAN VIEW £_° ° S 2
" (Typ.)
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rut Yoke
.
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p [51] [102] [102] [51]
[1905] =) =) ) G ;I—
78" e = =5 5 5/8"
. [1981] ! [143] @)
FRONT VIEW =) 5 =) S) L/
1.3/4”"
Strut ondPCI_?kesAssembly Anchor Bracket [44]
3 FF’@O1
art ¢
ey SCALE 1:8
5
[152] .
o3 3/8’
L 67" i R1/2”_r S BN —H‘ 10]
l [1702] L [13] b " [38]
. Strut 2[%f K H
6"x3" [152x76] 10 Gauge [3.4]
J \_¢1[ 1/8"
8 1/2” 1.3/8" 29
*l [21/6] [35]
4
51/2-¢: Anchor Bracket End Plate
[140]' ’ SCALE 1:8
¢ ”»
3/16 R5{16 (Typ.)
(5] [SHEET:
., 4" Wisconsin DOT Project e
1/2" |‘—'|4 1/4 [102] MGS with Standar DATE:
[13] [108] go;vtréit]reom Anchorage 572572012
- R1/2" - ;6 3: T :1642 Gy d Strut & i
[13] 78] el . Midwest Roadside| Anchor Bracket Details i
Yoke ©7/8"[22] x 2"[51] Slot Safety Facility [ we . SOAE: 776 [FeV. v
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-9. Ground Strut and Anchor Bracket Details, Test No. WIDA-2
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P
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43 3/4”
~— [1111] T
6'—3" [1905] W—Beam Section, 12 gauge [2.7 RE 1/4°
[ ] Part a3 g [2-7] [155]
162 1/2”
[4128]
3@\
== : == == = : |:|_=:' 1
43 3/4” 37 1/2" (Typ.) .
F—— 11 11] T [953] - 2 ::
3 o . 511 = o [203) "
12’—6" [3810] W—Beam Section, 12 gauge [2.7] (Varies)
Part a4
162 1/2” ¥ s
59" [4128] 16”
5 [1499] [406]
w L k
= — = = :
) : Ja 1/2”
43 3/4” 37 1/2" (Typ. (2181 ™
DA [111/1] - [gsé] ) W—Beam Rounded End Section

1"x1 1/4” 8 1/2"
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ﬁsﬁe«fﬁ st —
=
N
DETAIL J
SCALE 1:15

o
[51]

4" (Typ.)
[102]

19

DETAIL K
SCALE 1:15

12'—6" [3810] W—Beam Section, 12 gauge [2.7], End Section
Part a5

12 cu?e0£2.7]

ar
SCALE 1:15

Notes: (1) If rounded W—beam end section cannot
be found locally, use a spoon end

N/T' (Typ-)

section.
[SHEET:
Wisconsin DOT Project opaft
MGS with Standar e
Downstream Anchorage 5/25/2012
System
[oRAWN BY: |
Midwest Roadside Rail Section Details cwp
Sofety FOCIllty DWG. NAME. SCALE: 1:30 [REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-10. W-Beam Guardrail Details, Test No. WIDA-2
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ltemNo. | QTY. Description Material Specification Hardware Guide
’ ASTM A992 Min. 50 ksi [345 MPa
at 25 Wex8.5 6" Long [W152x12.6 1829] Steel Post WEND ST s o0 kst 1345 MRl D) PWEO6
a2 25 6x12x14 1/4" [152x305x362] Blockout SYP Grade No. 1 or better PDB10a—b
a3 1 6’'—3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
a4 T2 12'—6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
a5 2 12'—6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14aq
a6 1 W—Beam Rounded End Section 12 gauge [2.7] AASHTO M180 RWEO3a
b1 25 5/8” Dia. x 14" Long [M16x356] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563A FBBO6
b2 25 16D Double Head Nail W -
b3 4 5/8" Dia. x 10” [M16x254] Long Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563A FBBO3
b4 116 5/8” Dia. x 1 1/2” Long [M16x38] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563A FBBO1
b5 46 5/8” [16] Dia. Flat Washer ASTM F844 or Grade 2 Steel FWC16a
cl 4 BCT Timber Post — MGS Height SYP Grade No. 1 or better (high quality) PDFO1
c2 4 72" [1829] Long Foundation Tube ASTM A53 Grade B PTEO6
~ c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -
g c4 2 8x8x5/8” [203x203x16] Anchor Bearing Plate ASTM A36 Steel FPBO1
®3/4” [19] 6x19 IWRC IPS Galvanized
c5 2 BCT Anchor Cable Assembly /4" 119] 619 MRC FCAOT
cb 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
c7 2 2 3/8” [60] 0.D. x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMM02
c8 4 5/8” Dia. x 10" [M16x254] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM AS563A FBX16a
c9 16 5/8” Dia. x 1 1/2” Long [M16x38] Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM AS563A FBX16a
c10 4 7/8" Dia. x 7 1/2” [M22x191] Long Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563A FBX22a
c1 8 7/8" [22] Dia. Flat Washer SAE Grade 2 FWC22a
[SHEET:
Wisconsin DOT Project fifeeit
MGS with Standar STE:
Downstream Anchorage 5/25/2012
System
[DRAWN BY: |
Midwest Roadside Bill of Materials cwp
Sofety FGCIllty DWG. NAME. [SCALE: NONE [REV. BY:
DS—Anchorage—32in_R3 UNITS: in.[mm]|KAL/RKF

Figure E-11. Bill of Materials, Test No. WIDA-2
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2 “7 r »---;:;;-;{ N .;-::,.-;:,;::::g g:" "M.," 25" |
WEx16—_ L 103 3 | ¢ b,, ‘
| 2 — A St by I )
“1+11: ‘J" Dynamic Test Installtion Details h“:::::;:&'“m F -
L 2 Al '
Soil Gradation for Baseline Fill Soil
100
90
5 80 \
2 7 \
% 60
£ 50 TN
° 40 \
& 30
20 \M—'
10 —o
0 T
100 10 o 1 0.1 0.01
Grain Size, D (mm)

b Comparison of Load vs. Deflection
Dynamic Test (Acc)
20000
= — D ic Test (L.C.
s isoes 4] ynamic Test (L.C.)
8
° = = = Dynamic Test
& 10000 I\ N o — Required Min.
‘._-_-----.bﬂ )
€ | —— \ e Static Test
5000 ¢ ~N—— W
% L\-
0 B
0 5 10 15 20 25 30 35 40 45
Deflection (in.)
D | 7 T SR, 3/20/2012
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......... Well Graded Gravel (GW)
Fill material description (ASTM D2487)........ Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure....... 8" lift 3-4 passes
Bogie Weight..........cccovviiiiiiiiiiiiiiirecieen, 1,843 Ib
Impact VelocCity........cccoveviiiiiiiiiiiiineiinnnann, 20.02 mph

Figure F-1. Summary Sheet for Strong Soil Test Results, Test No. DSAP-2
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A T

Ky

GRS ‘.7 4_‘ =
s o e L SUINOR
Dynamic Set up

ey N N

est Photo of Post

Post-T

Dynamic Test Installtion Details

Soil Gradation
100 -
N 28 T ™S =+ BaseiineSoil _—w—wida-1d1Soll |
g2 70 + — - —_—
t 60 H+H—+HH—+—+—+—+—+td1 1t L L Atr et
€ 50
g 40 47——7—7————1777—&—— ———
& 30 - - -~
20 + \‘
10 T L L T R e e g pr——— *’__';;*__—___‘
0 +
100 . 1 0.1 0.01
Grain Size, D (mm)
25000 Comparison of Load vs. Deflection
20000 Dynamic Test
(EDR-3)
) 15000 \
; ‘ o — Dynamic Test
g ~ (SLICE)
w 10000 -
I 'qh----—--q---—-—----------} [Rp— DynamiCTeSt
5000 ,#' Required Min.
td
L d
i J
0
0 5 10 15 20 25
Deflection (in.)
D 7. | (= PN 5/17/2012

Test Facility & Site Location....................... Midwest Roadside Safety Facility

In situ soil description (ASTM D2487).......... Well Graded Gravel (GW)

Fill material description (ASTM D2487)........

Well Graded Gravel (GW) (see sieve analyses above)

Description of fill placement procedure

8-inch lifts tamped with a pneumatic compactor

Bogie Weight.........cocoiviiiiiiiiniiiiiiininnan 1,744.6 Ib

Impact Velocity 19.6 mph

NOTE: Although the end of the force-deflection curve dropped below the mnimum

load defined in MASH for a

dynamic soil test, the soil resistance was still deemed satisfactory. In fact, for the first 10 in. (254 mm) of deflection,
the soil was clearly capable of sustaining a force double the minimum required. Between 10 and 18 in. (254 and 457
mm), the soil still sustained a force above 10 kip (44 kN), which is 25 percent greater than the minimum required.
By this time, there was no more energy to be dissipated, thus the sharp drop-off in force.

Figure F-2. Test Day Dynamic Soil Strength, Test No. WIDA-1
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Post-Test Photo of Post
—— Comparison of Load vs. Deflection
9000 i i
vy Baseline Static
— 7000 N Minimum Load
2 6000 f/ \\ (90% Baseline)
(]
C 5000 ——wida-2s2 - Load
- — | A~ \\ cell 1
3000 _L / ~———wida-2s2 - Load
/ \uq. Cell 2
2000 -, . :‘;\—‘,
1000 %ﬁ—"
0 t
0 5 10 15 20 25 30 35 40 45
Deflection (in.)
SOIL GRADATION
100 \ | i
90 ;
80 .\ ‘
§ 70 \!\
i 60 ‘
€ 50 N\
E S
o 30 ‘ ‘ |
20 1 »
10 ‘ | =
0 ‘ \
100 10 1 0.1 0.01
Grain Size, D (mm)
| --#-- Baseline Soil —%— wida-252 Soil
DATE rr——— m—— — e r— — 6/5/2012
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......... Well Graded Gravel (GW)
Fill material description (ASTM D2487)........ Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure....... 8-inch lifts tamped with a pneumatic compactor

Figure F-3. Test Day Static Soil Strength, Test No. WIDA-2
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Table G-1. Permanent Separation of Splice Connections and Bolt Slippage, Test No. WIDA-1
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Table G-2. Permanent Separation of Splice Connections and Bolt Slippage, Test No. WIDA-2

1144

Splice Location
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[a o [a [a o
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Rail Vol Yol % Y| Yo | Vo | Ya| Ya | Ya | Ya
Bolt No. 1 Yal 0| % | %| O | 0| %| V16| % | %
Bolt No. 2 Yol Ve | Ya|Ya) O |O|%| O | B | %
Bolt NO.3 | Va| Ya| Y| Y| % |0 | %| % | % | %
Bolt No. 4 Yol Ya| e | Yal %o |0 | %| O | % | %
Bolt No. 5 Y%| Y| Ya| %| % | 0| %| Y16| O | O
Bolt No. 6 Vel Ya| Ya| Y| V16| O | Ya| O | V16| O
Bolt No. 7 Vel Va| Ve | Ya| Yo | | 0| % | % |0
Bolt No. 8 Yol Val % | % 0 |0 | %| % | % |0
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TEST: WIDA-1

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y Z X' Y Z AX Ay 2z
POINT | (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 25 1312 | 0 25 1312 | 0 0 0 0
2 253/4 | 171/4 | 21/4 | 253/4 | 173/4 | 21/4 | 0 172 0
3 29 24 434 | 29 2312 | 434 | 0 172 0
4 273/4 | 30 3172 | 273/4 | 30 3172 0 0 0
5 21 111/4 | 1 21 112 | 1 0 174 0
6 22 161/4 | 4 22 1612 | 4 0 174 0
7 233/4 | 23 7 233/4 | 23 7 0 0 0
B 24 3114 | 714 | 24 3112 | 7 0 174 174
9 123/4 | 512 | 1102 | 123/4 | 512 | 134 | 0 0 ~1/4
10 18 1234 | 4 18 1234 | 4 0 0 0
11 201/4 | 19 83/4 | 201/4 | 19 834 | 0 0 0
12 201/4 | 2512 | -83/4 | 201/4 | 251/4 | -83/4 | 0 ~1/4 0
13 201/4 | 3012 | -9 201/4 | 2934 | -9 0 304 0
14 1114 | 712 | 2 111/4 | 712 | 2 0 0 0
15 153/4 | 12112 | 6 153/4 | 121/4 | 614 | 0 174 - 1/4
16 171/4 | 191/4 | 83/4 | 171/4 | 19 83/4 | 0 ~1/4 0
17 171/4 | 253/4 | 83/4 | 171/4 | 253/4 | 83/4 | 0 0 0
18 17172 | 303/4 | -9 171/4 | 303/4 | 9 ~1/4 0 0
19 8 3/4 81/4 | 21/4 | 834 814 | 2172 0 0 174
20 11172 | 14 812 | 11172 | 14 8112 0 0 0
21 12 193/4 | 812 | 12 20 8112 0 174 0
22 11172 | 25102 | 81/2 | 11112 | 251/2 | 834 | 0 0 174
23 11172 | 311/4 | 834 | 1112 | 31 9 0 ~1/4 174
24 13/4 712 | -2 13/4 74 | 2 0 174 0
25 11/4 | 133/4 | 4112 114 | 13112 | 4112 0 ~1/4 0
26 11/4 | 201/4 | 434 11/4 | 19172 | 434 | 0 -3/4 0
27 1 201/4 | -43/4 1 2812 | 4314 | 0 -3/4 0
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
DASHBOARD //

DDDR—\\\

//f_DDDR

Figure H-1. Floor Pan Deformation Data — Set 1, Test No. WIDA-1
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TEST: WIDA-1

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y Z X' Y Z AX Ay 2z

POINT | (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 20172 | 1812 | 0 403/4 | 19 0 174 72 0
2 4112 | 221/4 | 21/4 | 41112 | 223/4 | 21/4 | 0 172 0
3 443/4 | 2834 | -43/4 | 443/4 | 29 434 | 0 174 0
4 433/4 | 3412 | 31/2 | 43172 | 3434 | 3112 ~1/4 174 0
5 37 161/4 | 1 37 17 K 0 304 0
6 3814 | 2112 | -4 38 2114 | -4 174 174 0

7 40 28 71/4 | 393/4 | 27314 | 7 ~1/4 ~1/4 174
B 40 361/4 | 714 | 40 3612 | 714 | 0 174 0

9 29 1012 | 134 | 29 1034 | 2 0 174 ~1/4
10 34 18 4 34 18 4 0 0 0
11 361/4 | 231/4 | -83/4 | 361/4 | 233/4 | -83/4 | 0 172 0
12 36 1/4 | 30 9 361/4 | 3012 | -9 0 172 0
13 3612 | 3514 | -9 361/4 | 3514 | -9 ~1/4 0 0
14 271/4 | 1234 | 21/4 | 2714 | 13 21/4 | 0 174 0
15 32 17112 | _61/4 | 32 171/4 | _61/4 | 0 174 0

16 331/4 | 2412 | -83/4 | 331/4 | 241/4 | -9 0 ~1/4 ~1/4
17 331/4 | 3034 | -9 331/4 | 303/4 | -9 0 0 0
18 3312 | 353/4 | -9 331/4 | 3512 | -9 ~1/4 174 0
19 243/4 | 1312 | 2172 | 243/4 | 133/4 | 212 0 174 0
20 2712 | 191/4 | -83/4 | 271/2 | 191/4 | 83/4 | 0 0 0
21 28 25 83/4 | 28 25 834 | 0 0 0
22 2712 | 30172 | -83/4 | 271/2 | 303/4 | 834 | 0 174 0
23 2712 | 3614 | -9 2712 | 3614 | -9 0 0 0
24 173/4 | 13 21/4 | 18 131/4 | 2174 174 174 0

25 171/4 | 19 5 171/4 | 191/4 | -43/4 | 0 174 174
26 171/4 | 251/4 | 5 171/4 | 251/4 | 5 0 0 0
27 17 341/4 | 5 17 341/4 | -5 0 0 0
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0

DASHBOARD

DDDR—\\\

//f_DDDR

Figure H-2. Floor Pan Deformation Data — Set 2, Test No. WIDA-1
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TEST:

WIDA-1

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

Note: If impact is on driver side need to

enter negative number for Y

DDDRX

X Y Z X' Y Z AX AY ¥4
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
A1 39 3/4 40 1/2 23112 40 40 1/2 23 1/4 1/4 0 -1/4
A2 3912 | 47 23 3912 | 47 23 0 0 0
(3,:) A3 39 1/4 55 1/2 22 39 1/2 55 1/2 22 1/4 0 0
S A4 3212 | 4312 | 15 3212 | 4312 | 143/4 0 0 - 1/4
A5 323/4 | 5012 | 15 3212 | 5012 | 143/4 - 1/4 0 - 1/4
A6 33 58 1/2 | 143/4 | 323/4 | 58112 | 14112 ~1/4 0 ~1/4
= B1 213/4 | 27 1/4 /4 2112 | 27 1/4 ~172 ~1/4 0 ~1/4
Sz B2 21 2712 | 414 | 21 2712 | -41/4 0 0 0
Da B3 25 28 212 | 25 28 212 0 0 0
o C1 263/4 | 403/4 | 17 263/4 | 41 17 0 1/4 0
% " c2 20 401/4 | 17 193/4 | 40 17 - 1/4 -1/4 0
- O C3 8 1/4 40 1/4 17 112 8 40 1/4 17 114 -1/4 -0 -1/4
Q9 C4 241/4 | 353/4 2112 24 36 2172 - 1/4 1/4 0
% C5 181/4 | 35 31/4 18 35 3 1/4 -1/4 0 0
= C6 7 34 3/4 3 6 3/4 34 3/4 3 -1/4 0 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
% D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /

/DDDR

Figure H-3. Occupant Compartment Deformation Data — Set 1, Test No. WIDA-1
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TEST:

WIDA-1

VEHICLE: 2270P

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

Note: If impact is on driver side need to
enter negative number for Y

DDDRX

X Y Z X' Y Z AX AY ¥4
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
A1 52 1/2 40 3/4 23 53 40 3/4 23 1/4 12 0 1/4

A2 521/2 | 471/4 | 22314 | 52314 | 47 22 3/4 1/4 -1/4 0

= A3 551/4 | 553/4 | 22 551/4 | 551/2 | 22 0 -1/4 0
S A4 47 441/4 | 14314 | 463/4 | 4414 | 1412 - 1/4 0 -1/4

A5 47 51 143/4 | 47 51 14 3/4 0 0 0

A6 50 1/4 | 59 14172 | 50172 | 58172 | 14172 174 12 0

T B1 371/4 | 30 12 37 30 ~172 ~1/4 0 0
Sz B2 37 30 41/4 | 363/4 | 30 4112 - 1/4 0 - 1/4

Da B3 41 301/4 | 21/2 | 403/4 | 301/4 | 2172 ~1/4 0 0
o C1 301/4 | 4512 | 17 30 453/4 | 16 3/4 ~1/4 1/4 ~1/4

% " c2 231/4 | 453/4 | 17 231/4 | 46 17 0 1/4 0

- O C3 11172 46 1/4 17 114 111/4 46 3/4 17 114 -1/4 12 0

Q9 C4 2912 | 411/4 2112 2912 | 4112 2172 0 1/4 0

£ c5 2312 | 4112 3 231/2 | 413/4 3 0 1/4 0
= C6 12 42 2 3/4 12 42174 3 0 174 174

D1 0 0 0

D2 0 0 0

D3 0 0 0

D4 0 0 0

D5 0 0 0

D6 0 0 0

w D7 0 0 0

2 D8 0 0 0

= D9 0 0 0

D10 0 0 0

D11 0 0 0

D12 0 0 0

D13 0 0 0

D14 0 0 0

D15 0 0 0

\ DASHBOARD /
B3

B2

/DDDR

Figure H-4. Occupant Compartment Deformation Data — Set 2, Test No. WIDA-1
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Date: 8/22/2012 Test Number: WIDA-1
Make: Dodge Ram 1500 Model: 2270P Year: 2007
K
|
I | | F t n
—H |
Crax ;
I 7 - £ !
De| i | : | S T
+<__ 1 1l =—=c ’( 7 & _ I | S R SN | [ [
- ! - ,v
1 ) I /
| I /
| |
69 ' @
| ]
= L |
in. (mm)
Distance from C.G. to reference line - Lggp: 118 7/8 (3019)
Width of contact and induced crush - Field L: 78 (1981)
Crush measurement spacing interval (L/5) - I: 15.6 (396)
Distance from center of vehicle to center of Field L - Dy, : 0 ()
Width of Contact D 78 (1981)
Distance from center of vehicle to center of contect damage - De: 0 ()
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
Crush Latetal LocaGoi Original Profile Dist. Befween Ref. Ketial (Crash
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -39 -(991) 29 (737) 44/5 (122) NA NA
C, 191/4  (489) -232/5  -(594) 131/2 (342) 1 (25)
C; 161/2  (419) -7 4/5 -(198) 10 1/2 (267) 11/5 (31)
o 151/4 (387) 745 (198) 10172 (266) -0 (1)
Cs 2212 (572 232/5 (594) 132/5  (340) 41/3 (109)
Cs na NA 39 (991) 29 (737) NA NA
Cyax 2212 (572) 232/5 (594) 132/5  (340) 41/3 (109)

Figure H-5. Exterior Vehicle Crush (NASS) - Front, Test No. WIDA-1
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Date: 8/22/2012 Test Number: WIDA-1
Make: Dodge Ram 1500 Model: 2270P Year: 2007
+
I ?
| — Dn !
o |l C, |
Cs Cy G5 Co 1
|?"' | Hl | *| L= |
W | PN - VO S U LU —
RCRE i
1 ‘ F I ~
| ol 11 i |
F | | |
[1lL : - |
tel-O * | S
Y \ =
|
in. (mm)
Distance from centerline to reference line - Lgpp: 52 (1321)
Width of contact and induced crush - Field L: 228 (5791)
Crush measurement spacing interval (L/5)-1:  45.6 (1158)
Distance from vehicle c.g. to center of Field L - D, -9.37 -(238)
Width of Contact Damage: 228 (5791)
Distance from vehicle c.g. to center of contect damage - Dz 9 3/7 (239)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)
Crush Longitudinal Location Original Profile Dist. Befween Ref. Aceusl  Criishi
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -123 3/8 -(3134) 16 (406) 2 (51) NA NA
C, 13 (330) -77719 -(1975) 10 1/2 (267) 12 (13)
[ 13 (330) -321/6 -(817) 115/8 (295) -5/8 -(16)
c 123/4 (324) 13 3/7 (341) 111/4 (286) “172 ~(13)
Cs 14 (356) 59 (1499) 101/2 (267) 11/2 (38)
Cs na NA 104 5/8 (2658) 37 (940) NA NA
Cumax 20 (508) 81 (2057) 111/4 (286) 63/4 (171)

Figure H-6. Exterior Vehicle Crush (NASS) - Side, Test No. WIDA-1
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VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1
TEST: WIDA-2 Note: If impact is on driver side need to
VEHICLE: 1100C enter negative number for Y
X Y 74 X' Y Z axX AY N
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in) |
F1 27 4 3/4 -2 1/4 26 3/4 412 -13/4 - 1/4 - 1/4 172
2 28 11 -13/4 27 3/4 10 1/4 -1 -1/4 - 3/4 3/4
3 29 15 1/4 -1 28 3/4 15 1/4 -1/2 - 1/4 0 172
4 26 1/4 19 1/2 -1/2 25 3/4 19 3/4 - 1/4 -1/2 1/4 1/4
5 24 1/2 412 -4 24 1/2 4 -31/2 0 -1/2 112
6 25 9 3/4 -3 3/4 24 1/2 91/2 -3 -1/2 - 1/4 3/4
7 25 1/4 13 3/4 -3 25 13 1/4 -2 1/2 -1/4 -1/2 112
8 24 3/4 19 1/4 -31/2 24 1/2 18 1/2 -31/2 - 1/4 - 3/4 0
9 20 1/4 31/2 -4 1/2 20 1/4 3 -4 1/2 0 -1/2 0
10 20 3/4 8 -4 3/4 20 3/4 8 -4 1/2 0 0 1/4
11 20 1/2 12 -4 1/2 20 1/4 12 -4 - 1/4 0 172
12 21 3/4 20 -4 1/2 21 3/4 19 1/4 -4 1/4 0 - 3/4 1/4
13 16 4 -5 1/4 16 4 -5 1/4 0 0 0
14 16 3/4 9 3/4 -4 3/4 16 1/2 9 3/4 -4 1/2 -1/4 0 1/4
15 17 1/4 15 3/4 -4 3/4 17 15 3/4 -4 1/2 - 1/4 0 1/4
16 18 3/4 20 3/4 -4 1/2 18 3/4 20 1/2 -4 1/2 0 - 1/4 0
17 14 41/4 -51/2 13 1/4 4 -51/2 - 3/4 - 1/4 0
18 14 10 1/2 -4 3/4 14 10 -4 1/2 0 -1/2 1/4
19 15 15 -4 1/2 14 3/4 14 3/4 -4 1/2 - 1/4 - 1/4 0
20 14 3/4 211/2 -4 3/4 14 3/4 21 -5 0 -1/2 - 1/4
21 81/2 4 3/4 -5 1/4 81/2 412 -5 1/4 0 - 1/4 0
22 9 10 -4 3/4 9 9 1/2 -4 1/2 0 -1/2 1/4
23 10 16 -4 1/2 10 15 1/4 -4 1/2 0 - 3/4 0
24 91/4 22 -4 3/4 91/4 21 1/4 -4 3/4 0 - 3/4 0
25 11/2 51/4 -11/4 11/2 51/2 -11/2 0 1/4 -1/4
26 11/2 10 1/4 -11/4 11/2 10 1/4 -11/4 0 0 0
27 11/2 18 1/4 -1 11/2 18 1/4 -1 0 0 0
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
DASHBOARD
DOOR \ " / DOOR
4

Figure H-7. Floor Pan Deformation Data — Set 1, Test No. WIDA-2
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TEST: WIDA-2

VEHICLE: 1100C

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X Y Z X' Y Z AX Ay 2z
POINT | (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 36 101/4 | 13/4 | 36 10 K 0 174 304
2 37 161/2 | 11/4 | 363/4 | 153/4 | -1/4 ~1/4 ~3/4 1
3 3734 | 21 -3/4 3734 | 21 0 0 0 304
4 35 2512 | -1/4 3412 | 2512 | 0 112 0 174
5 33172 | 1012 | 3172 | 33172 | 101/4 | 23/4 | 0 ~1/4 3/4
6 333/4 | 1512 | -31/4 | 33112 | 151/4 | 21/4 174 174 1
7 341/4 | 193/4 | 2172 | 34 191/4 | -2 ~1/4 172 172
B 333/4 | 25 31/4 | 33112 | 2412 | 3 174 172 174
9 201/4 | 1012 | -4 291/4 | 93/4 | -33/4 | 0 -3/4 174
10 293/4 | 133/4 | -41/4 | 2934 | 13 4 0 -3/4 174
11 201/4 | 17314 | -4 291/4 | 1714 | 3172 0 172 172
12 303/4 | 2512 | 4 30172 | 25 4 174 172 0
13 25 93/4 | 4314 | 25 91/4 | 4112 0 172 174
14 2512 | 1512 | -41/4 | 25172 | 143/4 | 33/4 | 0 - 3/4 172
15 26 2134 | 4144 | 26 21 4 0 304 174
16 2712 | 2714 | -41/4 | 2712 | 2714 | 412 0 0 ~1/4
17 22 101/4 | 5 22 912 | 434 | 0 ~3/4 174
18 23 161/4 | 414 | 23 16 4 0 174 174
19 233/4 | 203/4 | -41/4 | 2312 | 20 4 174 -3/4 174
20 2334 | 27112 | -43/4 | 233/4 | 263/4 | 434 | 0 304 0
21 1712 | 10112 | 5 171/4 | 93/4 | 434 174 ~3/4 174
22 18 153/4 | 41/4 | 1734 | 15 4 174 ~3/4 174
23 19 2134 | -41/4 | 18112 | 21 4 1/4 172 -3/4 0
24 18 2734 | 412 | 18 27 434 | 0 ~3/4 174
25 10172 | 11 K 1012 | 113/4 | - 0 3/4 0
26 10122 | 16 K 10172 | 16112 | 1 0 172 0
27 101/4 | 24 K 10172 | 24172 | 1 174 172 0
28 0 0 0
29 0 0 0
30 0 0 0
31 0 0 0
DASHBOARD 3 //

DDDR—\\\ .

//f_DDDR

Figure H-8. Floor Pan Deformation Data — Set 2, Test No. WIDA-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

TEST:

WIDA-2

VEHICLE: 1100C

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

Note: If impact is on driver side need to

enter negative number for Y

DDDRX

X Y Z X' Y Z AX AY ¥4
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 33 351/2 | 223/4 | 33 353/4 | 223/4 0 1/4 0
A2 3312 | 4114 | 22314 | 3312 | 4114 | 223/4 0 0 0
(3,:) A3 33 1/4 45 1/2 22 112 33 45 1/2 22 112 -1/4 0 0
S A4 273/4 | 38 1612 | 27314 | 38 16 1/2 0 0 0
A5 28 42 163/4 | 28 421/4 | 16 3/4 0 1/4 0
A6 27 314 47 1/4 17 27 3/4 47 1/4 17 0 0 0
T B1 201/2 | 233/4 4 1912 | 23172 41/4 1 /4 1/4
Sz B2 20 23 3/4 2 19 23 1/2 2 -1 -1/4 0
Da B3 23 23 172 13/4 2214 | 23172 13/4 - 3/4 0 0
o C1 251/2 | 331/2 | 221/4 | 251/2 | 33 22 1/4 0 12 0
% " c2 151/2 | 343/4 | 231/4 | 151/2 | 343/4 | 231/4 0 0 0
-5 C3 4 35314 | 233/4 4 3512 | 233/4 0 -1/4 0
Q9 C4 20 2812 | 1212 | 20 2812 | 13 0 0 12
£ c5 13 2912 | 13 123/4 | 2912 | 13 -1/4 0 0
= C6 6 3/4 203/4 | 13 1/4 6 3/4 203/4 | 131/4 0 0 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
2 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /
A4

/DDDR

Figure H-9. Occupant Compartment Deformation Data — Set 1, Test No. WIDA-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2
TEST: WIDA-2 Note: If impact is on driver side need to
VEHICLE: 1100C enter negative number for Y
X Y z X Y z aX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
A1l 47 3/4 37 23 1/4 48 37 23 1/4 1/4 0 0
A2 48 3/4 42 1/4 23 48 1/2 42 1/2 23 -1/4 1/4 0
(3,:) A3 48 3/4 46 1/4 22 3/4 48 3/4 46 1/2 22 3/4 0 1/4 0
‘D’: A4 44 39 1/4 17 43 1/2 39 1/4 17 1/4 -1/2 0 1/4
A5 44 1/4 43 1/2 17 44 43 1/2 17 1/4 - 1/4 0 1/4
AB 44 1/2 48 17 1/4 44 1/4 48 1/4 17 1/4 -1/4 1/4 0
Wi B1 29 24 1/4 412 28 3/4 24 1/4 41/4 -1/4 0 -1/4
o E B2 28 3/4 24 1/4 2 28 3/4 24 1/4 21/4 0 0 1/4
Da B3 32 25 1/4 2 313/4 25 2 -1/4 - 1/4 0
w C1 30 1/4 36 1/2 22 1/4 30 1/4 36 3/4 22 1/4 0 1/4 0
% » C2 20 1/4 37 1/2 23 1/4 20 1/4 37.1/2 23 1/2 0 0 1/4
= O C3 8 3/4 38 1/2 23172 8 3/4 38 1/2 23 1/4 0 0 -1/4
S,:’ 8 C4 24 3/4 32 3/4 12172 24 3/4 33 12172 0 1/4 0
% C5 17 3/4 33 1/4 12 3/4 18 1/2 331/2 13 3/4 1/4 1/4
= C6 11172 331/2 13 11172 34 12 3/4 0 12 -1/4
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
L D7 0 0 0
2 D8 0 0 0
o D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD /
A1
M A4
G1
DOOR X\ . / DOOR
C2
7
C3

Figure H-10. Occupant Compartment Deformation Data — Set 2, Test No. WIDA-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

Date: 8/22/2012

Make: Kia Rio

Test Number:

WIDA-2

Model:

1100C

Year:

2006

Distance from C.G. to reference line - Lygg:

Width of contact and induced crush - Field L:
Crush measurement spacing interval (L/5) - I:
Distance from center of vehicle to center of Field L - Dy, :
Width of Contact Damage:
Distance from center of vehicle to center of contect damage - D¢:

in. (mm)
70172 (1791)
61 3/4 (1568)
12173 (314)
0 0
613/4 (1568)

I JR—i )

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)

Crush Fateral Tocaton Original Profile Dist. Befween Ref. et Crush
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -307/8  -(784) 241/3 (618) -4 1/4 -(108) NA NA
G, 4172 (114) -181/2  -(471) 111/3 (289) -23/5 -(66)
G 9 (229) -61/6  -(157) 92/5 (239) 36/7 (98)
Cy 19 (483) 61/6 (157) 93/8 (238) 137/8 (353)
Cs 2212 (572) 181/2 (471) 112/7 (287) 151/2 (393)
Cs na NA 307/8 (784) 23 (585) NA NA
Caax 223/4 (578) 12172 (318) 10 (253) 17 (433)

Figure H-11. Exterior Vehicle Crush (NASS) - Front, Test No. WIDA-2
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October 28, 2013

MwRSF Report No. TRP-03-279-13

Date: 8/22/2012 Test Number: WIDA-2
Make: Kia Rio Model: 1100C Year: 2006
+
in. (mm)
Distance from centerline to reference line - Lggp:  40.25 (1022)
Width of contact and induced crush - Field L: 68 (1727)
Crush measurement spacing interval (L/5)-1:  13.6 (345)
Distance from vehicle c.g. to center of Field L - Dy, : 34 (864)
Width of Contact D 68 (1727)
Distance from vehicle c.g. to center of contect damage - D¢: 34 (864)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)
Crush Longitudinal Original Profile Dist. Between Ref. y
i 3 Actual Crush
Measurement Location Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, 725 (184) 0 0 3.13 (79) 425 (108) -0.1 -3)
C, 7.75 (197) 13.6 (345) 3.13 (79) 0.4 (10)
[ 8 (203) 27.2 (691) 4.38 (111) -0.6 -(16)
c 17 (432) 40.8 (1036) 4.00 (102) 8.8 (222)
Cs na NA 54.4 (1382) 4.75 (121) NA NA
Cs na NA 68 (1727) 23.50 (597) NA NA
Cumax 17 (432) 40.8 (1036) 4.00 (102) 8.8 (222)

Figure H-12. Exterior Vehicle Crush (NASS) - Side, Test No. WIDA-2
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Appendix I. Accelerometer and Rate Transducer Data Plots, Test No. WIDA-1
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Figure I-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. WIDA-1
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Figure 1-2. Longitudinal Occupant Impact Velocity (DTS), Test No. WIDA-1
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Figure 1-3. Longitudinal Occupant Displacement (DTS), Test No. WIDA-1
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Figure 1-4. 10-ms Average Lateral Deceleration (DTS), Test No. WIDA-1
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Figure 1-5. Lateral Occupant Impact Velocity (DTS), Test No. WIDA-1
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€702 '8¢ 1990100



1€V

Lateral Change in Displacement - DTS

WIDA-1

AN

Displacement (m)
w

N

AN

AN

0.4 0.6 0.8

Time (sec)

——CFC-180 Extracted Lateral Displacement (m)

1.2

Figure 1-6. Lateral Occupant Displacement (DTS), Test No. WIDA-1
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Figure 1-7. Acceleration Severity Index (DTS), Test No. WIDA-1
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Figure 1-8. Vehicle Angular Displacements (DTS), Test No. WIDA-1
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Figure 1-9. 10-ms Average Longitudinal Deceleration (DTS - SLICE), Test No. WIDA-1
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Figure 1-10. Longitudinal Occupant Impact Velocity (DTS - SLICE), Test No. WIDA-1
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Figure 1-11. Longitudinal Occupant Displacement (DTS - SLICE), Test No. WIDA-1
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Figure 1-12. 10-ms Average Lateral Deceleration (DTS - SLICE), Test No. WIDA-1
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Figure 1-13. Lateral Occupant Impact Velocity (DTS - SLICE), Test No. WIDA-1
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Figure 1-14. Lateral Occupant Displacement (DTS - SLICE), Test No. WIDA-1
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Figure 1-15. Acceleration Severity Index (DTS - SLICE), Test No. WIDA-1
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Figure 1-16. Vehicle Angular Displacements (DTS - SLICE), Test No. WIDA-1
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Figure 1-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. WIDA-1
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Figure 1-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. WIDA-1
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Figure 1-19. Longitudinal Occupant Displacement (EDR-3), Test No. WIDA-1
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Figure 1-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. WIDA-1
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Figure 1-21. Lateral Occupant Impact Velocity (EDR-3), Test No. WIDA-1
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Appendix J. Accelerometer and Rate Transducer Data Plots, Test No. WIDA-2
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Figure J-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. WIDA-2
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Figure J-4. 10-ms Average Lateral Deceleration (DTS), Test No. WIDA-2
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Figure J-8. Vehicle Angular Displacements (DTS), Test No. WIDA-2
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Figure J-9. 10-ms Average Longitudinal Deceleration (DTS - SLICE), Test No. WIDA-2
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Figure J-10. Longitudinal Occupant Impact Velocity (DTS - SLICE), Test No. WIDA-2
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Figure J-11. Longitudinal Occupant Displacement (DTS - SLICE), Test No. WIDA-2
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Figure J-12. 10-ms Average Lateral Deceleration (DTS - SLICE), Test No. WIDA-2
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Figure J-13. Lateral Occupant Impact Velocity (DTS - SLICE), Test No. WIDA-2
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Figure J-14. Lateral Occupant Displacement (DTS - SLICE), Test No. WIDA-2
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Figure J-15. Acceleration Severity Index (DTS - SLICE), Test No. WIDA-2
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Figure J-16. Vehicle Angular Displacements (DTS - SLICE), Test No. WIDA-2
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Figure J-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. WIDA-2
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Figure J-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. WIDA-2
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Figure J-19. Longitudinal Occupant Displacement (EDR-3), Test No. WIDA-2
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Figure J-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. WIDA-2
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Figure J-21. Lateral Occupant Impact Velocity (EDR-3), Test No. WIDA-2
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Figure J-22. Lateral Occupant Displacement (EDR-3), Test No. WIDA-2
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€1-6/2-€0-dY1 'ON Moday 4SHMIA

€702 '8¢ 1990100



October 28, 2013
MwRSF Report No. TRP-03-279-13

END OF DOCUMENT

472



	DISCLAIMER STATEMENT
	UNCERTAINTY OF MEASUREMENT STATEMENT
	INDEPENDENT APPROVING AUTHORITY
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	1 INTRODUCTION
	1.1 Background
	1.2 Objectives
	1.3 Scope
	1.4 Methods Used

	2 LITERATURE REVIEW
	2.1 Development of the MGS Downstream Anchorage System
	2.2 Prior Reverse-Direction Testing of Guardrail End Terminals
	2.3 Literature Review Summary

	3 REVIEW STATE DOT TRAILING-END ANCHORAGES
	4 DYNAMIC COMPONENT TEST CONDITIONS AND INSTRUMENTATION
	4.1 Purpose and Scope
	4.2 Test Facility
	4.3 Test Equipment and Instrumentation
	4.3.1 Bogie Vehicle
	4.3.2 Accelerometers
	4.3.3 Tensile Load Cells
	4.3.4 Compressive Load Cells
	4.3.5 String Potentiometers
	4.3.6 Pressure Tape Switches
	4.3.7 Digital Photography

	4.4 End of Test and Loading Event Determination
	4.5 Data Processing
	4.5.1 Accelerometers
	4.5.2 Load Cells
	4.5.3 String Potentiometers


	5 COMPONENT TEST – ECCENTRICALLY LOADED BCT POST
	5.1 Test Setup and Instrumentation
	5.2 Results
	5.2.1 Test No. BCTRS-1
	5.2.2 Test No. BCTRS-2

	5.3 Discussion

	6 DYNAMIC COMPONENT TEST – FOUNDATION TUBE
	6.1 Test Setup and Instrumentation
	6.2 Results
	6.3 Discussion

	7 DYNAMIC COMPONENT TESTS – END ANCHOR SYSTEM
	7.1 Test Setup and Instrumentation
	7.2 Test Results
	7.2.1 Test No. DSAP-1
	7.2.2 Test No. DSAP-2

	7.3 Discussion

	8 NUMERICAL SIMULATIONS – COMPONENT MODELING
	8.1 Wood Post Models
	8.2 Wood Splitting Simulation – Eccentrically-Loaded BCT Post
	8.3 Soil Foundation Tube and Soil Resistance Model
	8.4 Validation of the Downstream Anchorage

	9 NUMERICAL MODEL OF THE MGS BARRIER
	9.1 Simulated Scenarios and Results
	9.1.1 Identification of Critical Impact Scenario for 1100C
	9.1.2 Determination of Downstream End of LON
	9.1.2.1 BCT End Posts with Nominal Strength
	9.1.2.2 BCT End Posts with Lowest Expected Strength



	10 TEST REQUIREMENTS AND EVALUATION CRITERIA
	10.1 Test Requirements
	10.2 Evaluation Criteria
	10.3 Soil Strength Requirements

	11 TEST CONDITIONS
	11.1 Test Facility
	11.2 Vehicle Tow and Guidance System
	11.3 Test Vehicles
	11.4 Simulated Occupant
	11.5 Data Acquisition Systems
	11.5.1 Accelerometers
	11.5.2 Rate Transducers
	11.5.3 Tensile Load Cell
	11.5.4 String Potentiometer
	11.5.5 Pressure Tape Switches
	11.5.6 Digital Photography


	12 MGS BARRIER WITH STANDARD MGS END ANCHORAGE
	13 FULL-SCALE CRASH TEST NO. WIDA-1
	13.1 Dynamic Soil Test
	13.2 Test No. WIDA-1
	13.3 Weather Conditions
	13.4 Test Description
	13.5 Barrier Damage
	13.6 Upstream End Anchor Loads
	13.7 Vehicle Damage
	13.8 Occupant Risk
	13.9 Discussion

	14 FULL-SCALE CRASH TEST NO. WIDA-2
	14.1 Static Soil Test
	14.2 Test No. WIDA-2
	14.3 Weather Conditions
	14.4 Test Description
	14.5 Barrier Damage
	14.6 Vehicle Damage
	14.7 Occupant Risk
	14.8 Discussion

	15 ANALYSIS AND DISCUSSION
	16 DESIGN GUIDELINES FOR MGS DOWNSTREAM END ANCHORAGE
	17 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
	18 REFERENCES
	19 APPENDICES
	Appendix A. State DOT’s Plans and/or Design Details for Downstream End Anchorages
	Illinois
	Iowa
	Kansas
	Minnesota
	Missouri
	Nebraska
	Ohio
	South Dakota
	Wisconsin
	Wyoming
	Texas
	California

	Appendix B. Material Specifications and Mill Certifications
	Appendix C. Bogie Test Results
	Appendix D. Vehicle Center of Gravity Determination
	Appendix E. System Details, Test No. WIDA-2
	Appendix F. Soil Tests
	Appendix G. Permanent Splice Displacements
	Appendix H. Vehicle Deformation Records
	Appendix I. Accelerometer and Rate Transducer Data Plots, Test No. WIDA-1
	Appendix J. Accelerometer and Rate Transducer Data Plots, Test No. WIDA-2


